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INTRODUCTION 
Nature and Significance 
of Small Watershed Problems 
Since enactment in 1954 of Public Law 566, the Watershed 
and Flood Prevention Act (25), small watersheds1 have received 
much attention as physical and economic units for improved 
water management. Prior to 1954, with a few important excep­
tions,^ public efforts to ameliorate water management problems 
were oriented toward farm firms or large river basins. The 
approaches of the Soil Conservation Service, Agricultural Con­
servation Program and the Agricultural Extension Service had 
been to assist individual farm owners and operators in the 
adoption of water management practices which would enhance the 
^Small watersheds are interpreted as those less than 
250,000 acres in size. This accords with the maximum size 
limit for watersheds eligible for the provisions of Puolic 
Law 566. 
^Notable among the exceptions are the 11 watershed pro­
jects approved by Congress in 1944 under authority of the 
Flood Control Act of 1936 and the Miami, Muskingum and Maumee 
Conservancy Districts in Ohio. 
It should be emphasized that although Public Law 566 is 
used here as a point of reference since much of the current 
participation by the federal government in watershed develop­
ment takes place under its authority, the resolving of water 
management problems through group action may very well take 
place outside the framework of Public Law 566. For example, 
voluntary watershed associations, soil conservation subdis­
tricts, voluntary and legal conservancy districts, and ACP 
pooling arrangements, among others, offer the means of organ­
izing and/or financing watershed development without reliance 
on Public Law 566. 
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productivities of their farms. These approaches were inade­
quate to deal with water management problems of an off-farm 
origin. 
At the other extreme, basin-wide programs of water man­
agement, such as those for the Missouri River Basin, Columbia 
River Basin and Tennessee Valley, emphasized large water con­
trol structures to provide irrigation, navigation, recreation, 
hydro-electric power and flood control benefits. The basin 
programs gave little direct attention to the possible com­
plementary or competitive effects of water management prac­
tices within small tributary drainages. 
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The watershed program authorized by Public Law 566, 
therefore, was designed to complement the existing programs 
of soil and water conservation on individual farms and water 
resource development and flood protection within major river 
Basically, Public Law 566, as amended, provides for 
assistance by the federal government in the planning of works 
of improvement upon approved application of the local water­
shed group, governmental cost-sharing for the construction of 
some works of improvement, and authorization of governmental 
loans to local organizations to finance the local share of 
installation costs. Watershed development projects under this 
Act are interpreted as being local projects with the assist­
ance of the federal government. The project plan must be 
mutually acceptable to both the government and the local spon­
soring group. Before authorization for installation is 
granted, firm commitments from the local sponsoring organiza­
tion are required as a condition for financial assistance. 
These commitments include arrangements for sharing the costs 
of installation and assuming the operation and maintenance 
of the facilities after they have been installed. 
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basins. The nature of the problems embraced by the watershed 
program is acknowledged in the Watershed Protection Handbook 
(30, sec. 2, p. l) which sets forth the objectives and re­
quirements of the program: 
Significant watershed problems must exist which 
cannot be solved adequately or in a timely manner 
with assistance available under other Federal pro­
grams, but which can be solved or alleviated by 
assistance authorized under the Act. Significant 
watershed problems are considered to be those which 
affect and require action for their solution by 
groups of landowners, communities, and the general 
public through cooperation of local, State and Fed­
eral Governments. They are problems which would 
exist in measurable degree after individual land­
owners and operators had achieved use of their land 
within its capabilities and treatment according to 
its need within the limits of private and public 
resources available to them. 
Public Law 566 is explicitly directed toward solving water 
management problems of a multiple interest nature - Since in 
some watersheds significant multiple interest problems are not 
present, not all watersheds are eligible for Public Law 566 
assistance. This does not mean, however, that such water­
sheds are optimally developed. 
Watershed development is defined as an economic reorgani­
zation within a hydrologically defined area promising an in­
crease in the present value of expected future flows of net 
4 
returns to whomever they may accrue, hydrologie consequences 
4Throughout this analysis an important distinction is 
made between "net return" and "net revenue11. Net revenue is 
defined as the gross value of the output minup the variable 
costs of achieving the output; (continued on next page) 
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of resource use considered. In this perspective, watershed 
development is not confined to the elimination or reduction 
of hazards from excessive runoff or the provision of a minimum 
level of protection; rather, watershed development Involves 
that degree of runoff control consistent with an efficient use 
of resources within the watershed. It is implicit from this 
definition that watershed development may be achieved through 
resource reorganization, leaving the hydro logic variables of 
a watershed essentially unaltered. 
The watershed program authorized by Public Law 566 has 
generated considerable interest and activity. As of January 
1, 1961, applications for federal assistance under Public Law 
566 had been received by the Secretary of Agriculture from 
1,413 local watershed groups in 47 states. These applications 
represented total watershed areas in excess of 98 million 
acres. As of this same date, planning assistance had been 
authorized for 604 watersheds including more than 42 million 
acres and operations had been authorized in 289 watersheds 
involving approximately 17 million acres. Watersheds author­
ized for operations were located in 46 states (29, p. 27). 
(continued from previous page) hence, it makes no allowance 
for associated hydrologie damages. Net return, on the other 
hand, is defined as the gross value of the output minus the 
variable costs of achieving the output less the value of asso­
ciated hydrologie damages. In effect, associated hydrologie 
damages are considered as negatively valued outputs, and net 
revenue always would be greater than net return by the value 
of associated hydrologie damages. This concept has been bor­
rowed from Bunce (3, p. 11). 
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Large amounts of private and public funds have been obligated 
to finance development in watersheds already approved for 
operations. On July 5, 1960, the total cost of 267 projects 
covering about 16 1/2 million acres was estimated as 
$360,820,701. Of this amount, $212,171,984 was scheduled to 
be borne by the federal government (28). 
Suggestive of the potential for future development in 
small watersheds is the report (14, p. 130) that 16,000 water­
sheds have flood prevention or water conservation problems 
which may be handled on a watershed project basis. A differ­
ent source (32, p. 55) suggests that 6,730 watersheds reflect 
a potential investment for flood prevention of approximately 
6.9 billion dollars of which the government cost would be 
about 3.8 billion dollars over and above expenditures for 
other existing related programs. Another comprehensive sur­
vey (31) concludes that 7,148 watersheds encompassing 
997,294,000 acres are in need of project action. 
Public funds appropriated for watershed development are 
insufficient to meet all of the requests by local groups for 
federal financial assistance, and at no time will there be 
assurance that adequate future funds will be appropriated. 
It is important, therefore, that the greatest possible bene­
fit be achieved from the expenditure of these limited funds. 
To guide the allocation of limited watershed development 
funds, an economic appraisal of benefits and costs associated 
6 
with each development project is made. Resultant project 
benefit-cost ratios serve to indicate economic feasibility 
and provide a basis for the assignment of priorities to the 
implementation of alternative projects competing for limit­
ed funds. The magnitude of the current watershed program 
and the potential for future public expenditures for water­
shed development make it incumbent upon agencies and indi­
viduals to seek to develop and apply improved techniques of 
project evaluation. 
Watershed Research of the Iowa Agricultural 
and Home Economics Experiment Station 
The Iowa Agricultural and Home Economics Experiment Sta­
tion, initially, and later in cooperation with the Farm Eco­
nomics Division of the United States Department of Agricul­
ture, has for a number of years pursued watershed research. 
Recognizing that agronomic, hydrologie and engineering data 
are requisite to economic evaluation of watershed development 
projects and that the accuracy of the economic analysis is 
directly dependent upon the availability and quality of physi­
cal data, this research program has sought to coordinate the 
research efforts of physical and social scientists. Such 
Integration of disciplines in a continuing program of research 
should ultimately produce physical data and analytical tech­
niques enabling improved evaluation of potential development 
projects. The study reported herein evolved from and is a 
7 
contribution to this continuing research program. 
Initial watershed economic investigations by the Iowa 
Agricultural Experiment Station, as reported by Gertel (7) 
began with an evaluation of the economic effects of the Water­
shed Treatment Program, under authority of the 1936 and 1944 
Flood Control Acts5 in the Nepper Watershed located in western 
Iowa. Gertel (7, p. 98) concluded that additional research 
was needed on many aspects of the general problem of evaluat­
ing land treatment practices. He stressed that (a) improved 
physical data, particularly agronomic-hydrologic relation­
ships, were necessary for adequate economic analysis of 
treatment measures, and (b) that economic evaluation should 
precede and guide project planning rather than be used mainly 
to justify a particular project before legislative bodies 
after the project had been formulated. 
Following several years of hydrologie and agronomic re­
search, in 1954 the Departments of Agricultural Engineering, 
Agronomy and Economics of the Iowa Agricultural and Home Eco­
nomics Experiment Station initiated a cooperative project 
5The 1936 Flood Control Act designated a list of water­
sheds within which the United States Department of Agricul­
ture would survey measures for retardation of runoff and water 
flow and the United States Army Corps of Engineers would make 
flood control surveys. In 1944, Congress authorized the 
Department of Agriculture to install works of improvement in 
11 watersheds previously surveyed. Among these watersheds 
was the 2.8 million acre Little Sioux River Watershed within 
which the Nepper Watershed is located. 
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"... to develop methods and procedures for finding the 
answers to questions necessarily raised in watershed devel­
opment 11 ( 11, p. 3). This is the project under which the cur­
rent study was conducted. In broad terms, this project seeks 
to develop (a) information about the physical and economic 
consequences of various alternative practices which may be 
put into effect in watersheds, (b) information on the alloca­
tion of development costs among private and public partici­
pants in watershed development, and (c) appraise alternative 
means for organizing, financing and maintaining development 
projects. 
Initial integrated research under this project, the re­
sults of which were reported in 1956 (11), was undertaken in 
the Nepper Watershed, the same drainage area earlier analyzed 
by Gertel. Procedures were developed to appraise the economic 
effects of altering the physical variables on runoff source 
areas contributing to gully and flood damages. Seven alterna­
tive patterns of watershed resource use, representing a con­
tinuum of intensities of land treatment practices and struc­
tural measures, were evaluated in terms of both individual 
farm and watershed net returns. Emerging from this study were 
suggestions for agronomic, hydrologie and engineering research 
designed to establish better physical relations requisite to 
economic planning. 
Relying heavily upon information acquired and procedures 
9 
developed in the two previous studies, a later research activ­
ity in the Nepper Watershed sought to formulate by the tech­
nique of linear programming, within a conventional benefit-
cost framework, optimal development projects for different 
levels of.capital outlay. Specifying the development norm as 
a maximum discounted value of net returns from primary agri­
cultural production within the watershed (excluding livestock) 
possible from a given level of investment, results were pre­
sented for three investment levels representing (a) a project 
of limited scope reflecting severe capital limitations, (b) a 
project formulated with the amount of annual expenditure esti­
mated to have been involved in the project actually installed 
in 1948, and (c) a project limited only by the availability of 
noncapital resources or technological restrictions. All 
hydrologically related damages were charged as costs of 
achieving the output. The results of this study are available 
in various forms (16, 17, 18, 19, 20) ^ and indicate that 
whereas adoption of land treatment and structural measures 
recommended in the 1948 project would have yielded total 
annual benefits of only $2,085 for an annual investment of 
$3,706, a project formulated through linear programming pos­
sibly would have yielded total annual benefits of $11,899 for 
a similar annual expenditure, or net benefits of $8,193. 
®The most complete description of the methodology em­
ployed and the results obtained in this study may be found 
in (17). 
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Programming results further suggested that with no limit on 
capital expenditures, maximum annual net "benefits of #9,668 
•would be associated with an annual outlay of $5,716 (17, p. 
x) . 
Results obtained from the series of studies in the Nepper 
Watershed hinted that land use and treatment measures, as dif­
ferentiated from structural control devices, were effective 
and, in instances, the most economic means of retarding run­
off. In view of the large amount of funds being committed to 
structural measures under the Public Law 566 program and the 
potential for future expenditures, it was considered prudent 
to appraise further the nature of land use and treatment 
measures associated with individually optimal farm plans anu 
the aggregate effects of their adoption on the hydrology of 
a watershed. To this end, an interdisciplinary research 
project involving agricultural engineers, agronomists and 
economists was undertaken in the Spring Valley Creek Watershed 
located in southwest Iowa with the general objectives of: 
(1) to establish long-term field studies of the 
specific effects of various land use practices and 
fertility treatments on watershed runoff and ero­
sion; (2) to prepare individual farm plans that 
incorporate management and resource capabilities 
with minimum requirements for watershed protection; 
and (3) to assist farmers and local organizations 
by extension efforts or other means to Implement 
these plans on their own initiative (17, p. 22). 
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Objectives of This Study 
The study reported herein as a part of the Spring Valley 
Creek Watershed research has four specific objectives relating 
to general objective (2) listed above. These objectives seek 
to determine : (a) the degree to which land use and treatment 
measures specified by individually optimal soil-conserving 
farm plans are complementary or competitive with the water­
shed objective of runoff control; (b) the effect of the 
availability of additional operating capital on land use and 
treatment measures specified by individually optimal soil-
conserving farm plans insofar as the watershed objective is 
served; (c) the extent to which the ideal watershed develop­
ment, or development norm, would be approached, or diverged 
from, if each watershed farm operator adopted an individually 
optimal soil-conserving farm plan; and (d) if the conventional 
7 
watershed planning procedures of confining the areal scope of 
planning to hydrologically defined areas and measuring bene­
fit should be emphasized that "conventional watershed 
planning procedures" as used here refer only to the principal 
resource and product considerations and the areal scopes of 
analyses customarily implicit in planning agricultural water­
sheds ; that is, principally confining considerations to crop 
production within hydrologically defined areas. The consti­
tuent elements of benefits and costs and procedures used for 
evaluating them do not necessarily conform to any particular 
set of procedures previously or currently used in planning 
agricultural watersheds. 
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fits with reference to net returns to crop production assures 
development projects consistent with the best interests of 
watershed participants. 
Method of Analysis 
To accomplish the stated objectives, this analysis in­
vestigates the effects on revenues and watershed hydrology 
that would be experienced if farm operators in the Spring 
Valley Greek Watershed adopted net revenue-maximizing plans 
consistent with a specified level of erosion control. Effects 
were measured in relation to sustained predevelopment, or 
benchmark, patterns of resource use. 
Personal interviews of watershed'farm operators in Jan­
uary , 1958 supplied information which when combined with soils 
data and other information acquired from aerial photographs of 
the watershed permitted for most operating units estimates of 
prevailing predevelopment (1953-1957) management systems, 
including detailed land use and treatment measures, and esti- , 
mates of the amounts and qualities of resources available for 
reorganization. Utilizing this information, a concurrent and 
companion research activity by Andersen et; al. (l) formulated 
individually optimal, or net revenue-maximizing, farm plans 
for 28 operating units partially or entirely within the Spring 
Valley Creek Watershed and encompassing more than three-
fourths of the tillable cropland area. 
In the programs generating these plans, noncapital re-
13 
sources available to each farm operator were limited to those 
amounts actually available in 1957. Variable capital program­
ming was used and net revenue-maximizing plans specified over 
a wide range of capital requirements. In all plans, soil-
conserving management systems were assured by the condition 
that feasible combinations of land use and treatments were re­
stricted to those yielding less than five tons per acre of 
soil loss annually. "Average" technical coefficients, his­
torical price relationships and 1957 price levels were assumed 
in formulating the plans. 
Watershed land use and treatment measures specified at 
two levels of capital use by farm operators in the optimal 
plans were taken as data for this analysis. One level of cap­
ital use was identical to the average amount of capital 
annually used by farm operators during the five-year predevel­
opment period. The other level of capital use focused upon 
was that amount sufficient so that the returns to the last in­
crement used was 5 percent. Assuming land use and treatments 
indicated by both sets of individually optimal plans and spec­
ifying "representative composite land uses and treatments11 on 
watershed areas not programmed, Intrafirm and interfirm hydro-
logic consequences of the adoption of optimal plans were eval­
uated with reference to potential damage hazards of gullying, 
on-site flooding, runoff Induced damages to public bridges, 
and sheet erosion. These hydrologie consequences were com­
pared with projected damages estimated to be associated with 
14 
sustained predevelopment land use and treatments identified by 
personal interviews of farm operators or specified as repre­
sentative composites on watershed areas for which data were 
not obtained. The comparative hydrologie analyses furnished 
information to achieve the first two study objectives stated 
on page 11. - • 
The third study objective was achieved by evaluating the 
aggregated individually optimal farm plans as to how adequate­
ly they would fulfill the requirements of a watershed develop­
ment norm which includes criteria for efficient resource use 
and equitable distribution of development costs. To accord 
with conventional watershed planning procedures, watershed 
benefits coincidental with the adoption of optimal farm plans 
were measured as changes relative to the predevelopment situ­
ation in the net value of crops annually produced within the 
watershed plus reductions or increases in runoff induced 
annual damages; damage evaluations and development benefits 
and costs were expressed as annual equivalents but were based 
on a 50-year planning horizon with privately and publicly 
incurred values uniformly discounted at the rates of 5 and 
2 1/2 percent respectively. To furnish requisite information 
for equitable cost sharing all identified hydrologie damages 
were allocated to source areas of runoff. 
The fourth study objective is somewhat disjunct from the 
other study objectives. It premises that the increased net 
value of crops produced within a hydrologically defined area, 
15 
associated hydrologie damages considered, is not necessarily 
an indicator of net benefits accruing to watershed partici­
pants through resource reorganization and, hence, may not be 
an appropriate item for maximization in planning agricultural 
watersheds. To demonstrate this possibility, differences in 
the net value of watershed crops produced on the 28 programmed 
farms as capital available to these operators was increased 
were compared with differences in net revenue achievable by 
the farm firms, associated watershed hydrologic damages con­
sidered. 
Plan of This Report 
In the next chapter the framework within which this 
analysis was conducted is presented. The requirements of an 
optimal watershed development norm are specified and the sig­
nificance of the study objectives and problem areas generat­
ing them are discussed. 
A description of the soils, stream characteristics, 
principal land uses, and the location and size of ownership 
and operating units within the Spring Valley Greek Watershed 
is then presented. This chapter is intended to provide 
orientation for the subsequent analysis. 
The predevelopment or benchmark situation is summarily 
presented in the following chapter. Land use and treatment 
measures existing within the watershed are described. The 
magnitudes, areas of source,.and incidence of hydrologie 
16 
damages projected on the basis of sustained predevelopment 
resource use are measured and identified. Estimates of 
watershed crop returns associated with predevelopment pat­
terns of resource use are made for all operating units and 
returns to farm firms are estimated for 28 operating units. 
The next chapter summarily presents the results of two 
sets of net revenue-maximizing farm plans. Watershed land 
use and treatment measures specified by both sets of optimal 
plans are described. The magnitudes, areas of source and 
incidence of hydrologie damages possibly resulting from the 
adoption of either set of plans are identified and measured. 
Estimates of returns from optimal farm plans, paralleling 
those made in the previous chapter for the predevelopment 
situation are presented. 
In the chapter preceding the summary, results of analyses 
summarily presented in the previous two chapters are inte­
grated. Drawing from these chapters, conclusions are stated 
relative to each of the four objectives of this study. In 
addition, limitations and implications of the results and 
suggestions for future research are indicated. 
The concluding chapter briefly summarizes the results 
of this study. 
17 
CONCEPTS DIRECTING THIS ANALYSIS 
Norm for Watershed Development 
The subsequent analysis accepts as an efficiency norm for 
watershed development that allocation of private and/or public 
resources within a hydrologically defined area which will max­
imize the present value of future flows of net benefits to 
1 
whomever they may accrue during a specified planning horizon. 
From the efficiency aspect, then, watershed development is 
considered optimum when the present value of future net bene­
fits cannot be increased through reallocation of any existing 
resources, or the allocation of additional resources, and any 
other allocation would yield a lower present value of such 
benefits. Consistent with this efficiency norm, development 
possibilities exist within a watershed to the extent that the 
current pattern of resource use fails to promise a maximum 
present value of future flows of net benefits. 
The efficiency norm specifies resource use to maximize 
p 
net benefits to all watershed participants as contrasted 
^Net benefits are measured with reference to a predevel­
opment pattern of resource availability and use and are de­
fined as the change in the gross value of the output minus the 
change in the costs of achieving the output minus the change 
in the value of associated hydrologie damages. It is evident 
from this definition that net.benefits associated with an eco­
nomic reorganization may be positive, zero or negative for any 
participant. 
%A watershed participant is defined as any identifiable 
individual or public affected either beneficially or adversely 
by resource reorganization within the watershed. 
18 
with resource use to maximize net benefits to individual re­
source owners. "Watershed resource reorganization to achieve 
the efficiency norm would frequently dictate many changes in 
resource use where the costs of the change would exceed the 
increase in benefits accruing to the resource owner. As a 
practical matter, and for equity considerations, such disso­
ciations of benefits and costs must be surmounted. 
Considering net benefits as an indicator of satisfaction 
from resource reorganization, the theory of welfare economics 
provides the framework for resolving problems of dissociations 
of benefits and costs in watershed development. In accordance 
with welfare theory, welfare is increased whenever one or more 
individuals becomes better off without any individual becom­
ing worse off. Analogously, the welfare of watershed par­
ticipants is increased through reorganization whenever one or 
more participants enjoy an increase in net benefits without 
any individual suffering a decrease. Hence, the welfare of 
the community of watershed interests is maximized if net bene­
fits are maximized provided no participant experiences nega­
tive net benefits. But as has been previously Implied, few 
watershed resource developments would not result in negative 
net benefits to at least one participant and, thus, few by 
this criterion would be welfare increasing. Introduction of 
the "compensation principle, 11 however, relaxes thé restric­
tions of this criterion. The compensation principle states 
19 
S 
that an economic reorganization is welfare increasing if par­
ticipants made worse off by fact of the reorganization may be 
compensated from the surplus generated by the reorganization 
to the extent that they are no worse off than had the reorgan­
ization not occurred, and a positive surplus remains after 
compensations are made. 
The norm for watershed development, therefore, shall 
include the equity condition that the economic reorganization 
shall leave at least one or more participants better off while 
leaving none of the participants worse off, compensation con-
3 
sidered. A unity project benefit-cost ratio is sufficient 
to provide that no participant be made worse off if damages 
accruing to the project are charged as project costs. It 
would only be necessary that gainers from the project compen­
sate the losers to the extent that damages were suffered. 
However, this condition in itself is insufficient to fulfill 
the norm. Since any feasible development would produce posi­
tive aggregate net benefits (i.e., the benefit-cost ratio 
would be greater than unity), there would be a surplus of net 
benefits accruing to the development after participants suf­
fering damages had been compensated, thus assuring that one or 
% 
This condition specifies only that gp .participant be 
made worse off through experiencing uncompensated negative 
benefits by reason of the development. In view of a positive 
surplus generated by the development project, which must be 
distributed to someone, his relative position may be changed 
if compensation is made only to the extent that damages are 
suffered. 
20 
more participants would be made better off and no participant 
4 
made worse off, provided compensations were made. 
Fulfillment of these criteria assure only that an eco­
nomic reorganization is welfare increasing and provides no 
assurance that development costs will be equitably distri­
buted. The development norm, therefore, shall include the 
additional equity condition that development costs shall be 
shared by watershed participants in the same proportion that 
benefits are received.5 
Areal Considerations in Watershed Planning 
In view of the previously given definition of watershed 
development, it is prudent to establish the significant areal 
This application of welfare criteria to resource devel­
opment within a watershed is adopted from the general criteria 
presented by Reder (21, pp. 13-17). Also, it accords with 
the framework for resolving problems of dissociations of ben­
efits and costs in watershed development advanced by Timmons 
(24). 
5Since watershed participants may include several publics 
as well as individual firms (for example, municipalities, 
counties and the federal government, in addition to farm 
firms) and the watershed area controlled by any participant 
represents a source and/or consequence area of damages, the 
incidence of benefits and costs occasioned by development, 
and consequential cost-sharing, must be identified by par­
ticipants, including public participants. This distinction 
between private and public participants is important since 
the rates of discount used to convert to present values 
development costs to be incurred and benefits to be accrued 
in the future logically are different for privately and pub­
licly associated values. Thus, the present value of a future 
cost or benefit will be dependent upon whether the incidence 
is on a private or public participant. 
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considerations in watershed planning. Since the bounds of a 
watershed are topographically determined, thus reflecting 
purely, physical phenomena, it is not immediately obvious that 
a watershed represents" an appropriate entity for economic 
planning.6 
Hydrologically, a watershed may be defined as a geo­
graphic area draining into a common stream. Thus defined, the 
term "watershed" specifies a land area which must be unique 
from other land areas only with respect to its drainage. 
Watersheds are source areas of runoff, the consequences of 
which locationally must be experienced within the watershed 
itself (on-site) and/or downstream (off-site) from the con­
fluence of the watershed tributary. On-site damages resulting 
from runoff are independent from hydrologie variables in other 
7 
watersheds. Off-site consequences of runoff from a watershed 
are interrelated with the amounts and coincidence of runoff 
from other watersheds. 
The hydrologically defined watershed and downstream 
^Ideas bearing on the concept of treating a watershed as 
an economic entity for planning purposes, some merits and im­
plicit limitations of the approach, have been presented by 
Ciriacy-Wantrup (4, pp. 1-4) , Knetsch and Hart (13) , Pa.velis 
(17, pp. 1-8 and p. 201), Rlggs (22), and Timmons (24). 
?With the possible exception of on-site flooding from 
overflow of the stream into which the watershed tributary 
flows and on-site flooding caused by coincidental, simul­
taneous peak flows of the two streams. 
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locations designate the entire area within which the hydro-
logic effects of altering variables within a watershed may be 
experienced. Included in this area may be two or more eco­
nomic interests, each exercising control over certain hydro-
logic variables. In an agricultural watershed, for example, 
management practices followed on the watershed portion of each 
farm affect the amount of runoff from each farm and in the 
aggregate from the watershed. The consequences of this runoff 
cannot be experienced at any location other than (a) the farm 
from which the runoff originates (on-fsrm, on-site damages), 
(b) other areas within the watershed (off-farm, on-site dam­
ages), and/or (c) downstream (off-site) areas. Therefore, 
also defined by the watershed and hydrologically related down­
stream area is a community of interrelated economic interests, 
the welfare of any on-site or off-site, interest possibly being 
affected by the control exercised over hydrologie variables 
by upstream interests. Thus, a basis is provided for an 
aggregated economic decision-making unit consisting of the 
two or more hydrologically related private and/or public 
decision-making sub-units. 
In identifying the hydrologie effects of adjusted re­
source use within a watershed, therefore, the areal scope of 
analysis may be confined to the watershed itself and down­
stream locations. But watershed development has been defined 
to comprehend benefits from more efficient organization of 
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resources within participant firms in addition to reductions 
in hydrologie damages. Viewing watershed development in this 
perspective logically forces areal considerations in water­
shed planning to transcend hydro logic boundaries since the 
resource bases of participant units are not coterminous with 
hydro logic bounds. The commitment of resources on the water­
shed portions of firms in order to maximize net benefits to 
a hydrologically defined area possibly may prohibit the firms 
from achieving resource mixes which would maximize net ben­
efits, considering also nonwatershed portions. The areal 
scope of watershed planning, therefore, should embrace con­
sideration of the nonwatershed portions of participant units 
to permit recognition of the interrelationships between farms 
as profit-maximizing firms and water management within water­
sheds for group benefit. 
Both the current watershed planning procedures and re­
search attempts to apply more refined techniques to project ' 
formulation implicitly premise that maximizing the present 
value of future net returns from crops produced on the water­
shed portions of farms is synonymous with maximizing net ben­
efits to the participant agricultural firms. One of the ob­
jectives of this study is to furnish.information relative to 
the tentative hypothesis that projects formulated with refer­
ence to this maximization objective might not be consistent 
with best interests of participants as measured by their 
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abilities to maximize net returns from their farm firms. 
Watershed Development and Individually 
Profitable Conservation Practices 
A problem, amenable to analysis and subsequent applica­
tion of remedial measures, exists within a watershed whenever 
current resource use does not fulfill the development norm. 
Achievement of the development norm, however, does not neces­
sarily require group action or formal organization of water­
shed interests. Group action and formal organization are 
needed only when individuals acting independently in the use 
of their resources inhibit achievement of the group welfare 
goal. 
Conceptually, it is possible that in a watershed char­
acterized by soils responsive to land treatment measures such 
as terraces, the adoption of individual net revenue-maximizing 
farm plans could, in the aggregate, result in substantially 
decreased runoff within and from the watershed. Provided the 
runoff associated with the aggregated optimal farm plans re­
sulted in no identifiable hydrologie damages, or damages so 
insignificant that they could not be economically reduced by 
known control measures, the group welfare goal would be 
approximately attained by each watershed unit allocating its 
resources with a motive of profit maximization, irrespective 
of hydrologic consequences. Likely, group action and formal 
organization to solve water management problems in such a case 
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would not be necessary. 
In a watershed conforming to the preceding illustration, 
remedial measures to achieve the development norm take the 
form of resource allocation adjustments within firms. No 
additional public-or group-contributed resources would be 
required as incentives to construct water control measures 
since an optimum level of protection would be the product of 
rational independent decisions within the firms involved. 
On the other hand, there are many watersheds within which 
effective water management can be accomplished only through 
group organization and decisions. In these watersheds, 
hydrologie damages, economically reducible by control meas­
ures, would still exist even though individually profitable 
water management practices were adopted. That is, additional 
control measures would still exist for which the marginal 
value of the damage averted would exceed the marginal costs 
of providing the protection. The benefits accruing to these 
control measures may be so diffused that no individual water­
shed participant would willingly bear the costs of construc­
tion. Functioning as a group, however, watershed participants 
may distribute the construction costs among beneficiaries with 
relation to the benefits received, thereby providing an eco­
nomic incentive for the construction of the control measures. 
In watersheds of this type, remedial measures to achieve the 
development norm may include, in addition to resource adjust­
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ments within firms, the allocation of group-supplied or public 
development funds among competing water control measures. It 
is watersheds of this type to which the provisions of Public 
Law 566 apply. 
The expenditure of limited public development funds in 
watersheds where near optimum runoff control would result 
from the adoption by participants of individually optimal farm 
plans would be inconsistent with the spirit of Public Law 566. 
Measures such as the extension of reimbursable credit by the 
government or educational programs conducted through existing 
institutions likely.would resolve inter-interest water manage­
ment problems present in these watersheds. In general, non­
reimbursable governmental cost-sharing should be confined to 
watersheds where no economic motivation exists for the adop­
tion of needed runoff control measures. 
There is little information available about the relation­
ship between resource organization on farms for profit max­
imization and runoff control within watersheds for group ben-
Q 
efit. It has been emphasized that this general problem area 
®The cooperative Tennessee Valley Authority-North Caro­
lina State College Project No. 700, the Parker Branch Pilot 
Tributary Watershed Research Project, is yielding some infor­
mation on this subject. The approach is to compare for indi­
vidual farm units net revenue attainable from profit-maximiz­
ing farm plans with net revenue attainable from plans where 
the intensity of land use is restricted to a level reflecting 
a high degree of hydrologic control. Land use restrictions 
were the only conservation inputs considered. Preliminary 
results for this watershed suggest (continued on next page) 
9 is in need of further research and answers to several ques­
tions sought. For example, although an individual firm em­
ploying its resources with a goal of maximizing net revenues 
rationally would be expected to adopt those water management 
measures within the firm to the extent that the marginal 
costs of adopting another increment of the measure would equal 
the anticipated marginal benefits to the firm, would this 
typically result in high or low rates of runoff within and 
from a watershed? It may be hypothesized that on some slopes 
of certain soils, yield increases or permitted higher inten­
sity land use attributable to the construction of terraces 
would be sufficient to cause terracing of these slopes to be 
economic from the point of view of the farm operator, irrespec­
tive of possible other benefits from reduced runoff accruing 
either on-farm or off-farm. In such a case, terraces might 
represent a constituent element of an optimal farm plan, 
economically justified entirely by on-fsrm benefits. If 
moderately intensive rotations were specified, low rates of 
runoff might be associated with an optimal plan. On the 
other hand, it is possible that high rates of runoff might be 
(continued from previous page) that net revenue is sacrificed 
by controlling runoff through restricting the intensity of 
land use. Coutu (5) has given a good presentation of the 
preliminary results of this study. 
^This problem area and its implications have been con­
cisely discussed by Baum (2). 
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associated with an individually optimal farm plan. This 
could be the case, for example, if the runoff increasing 
effects of higher intensity rotations more than compensated 
for the runoff decreasing effects of additional terraces. 
Another unanswered question relates to the relationship 
between the availability of operating capital to farm units 
in the adoption of optimal plans and the consequential effects 
on watershed hydrology. Possibly, lack of operating capital 
would inhibit the adoption of conservation practices.by 
operating units inasmuch as other uses of capital might pro­
vide higher, or more immediate, rates of return on the invest­
ment. Increased availability of operating capital might, 
therefore, permit optimal plans embodying more conservation 
practices, with associated decreased rates of runoff, than 
would be specified by plans formulated with reference to rela­
tively limited capital. On the other hand, additional oper­
ating capital might most profitably be devoted to livestock 
enterprises, for example, increasing feed grain requirements 
and thereby intensifying land use with consequential in­
creased rates of runoff. 
Three of the objectives of this study are concerned with 
the effects that the adoption of individually optimal farm 
plans formulated with reference to an erosion control objec­
tive would have on the hydrology of the Spring Valley Creek 
. Watershed located in Southwest Iowa. 
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THE SPRING- VALLEY CREEK WATERSHED 
Location 
The Spring Valley Creek Watershed is located in South-
central Mills County, Iowa, immediately northeast of the town 
of Tabor (Figure l). Located in the eastern half of Rawles 
Township and the southwestern corner of White Cloud Township, 
this 5,234-acre watershed is tributary to the West Nishnabotna 
River and is one of the many small stream drainage areas com­
prising the 529,000 square mile Missouri River Watershed. 
Spring Valley Creek heads in Section 10 of Rawles Town­
ship and flows in a southeasterly direction for about 7 miles 
to its confluence with the West Nishnabotna River. From the 
head of the creek the drainage area widens rapidly, reaching 
its maximum width about 3 miles downstream. From this point, 
the watershed downstream narrows to a width of about one-
third of a mile as it joins the floodplain of the West Nishna­
botna River. 
Principal Physiographic Characteristics 
Soils of the watershed 
Soils series Lying near the western edge of the 
Marshall Soil Association, the Spring Valley Creek Watershed 
is in the Marshall-Monona soils series transition zone. The 
distribution of watershed soils by series is given in Table 1. 
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Table 1. Distribution of Spring Valley Creek Watershed 








Monona silt loam 
Marshall silt loam 
Ida silt loam 
Dow silt loam 











Waterway, valley bottom and 
floodplain soils 
Upland drainage complex8-
Judson silt loam 
Nodaway silt loam 
Kennebec silt loam 
Unnamed*3 
Colo silty clay loam 






















Total 5,234.4 100.00 
aA complex which includes 
and probably the Napier series 
the Judson, Kennebec, Nodaway 
^Similar to the Kennebec series. 
°Soil consisting in part of material removed from the 
quarry. 
Referring to this table, it may be noted that Monona and Mar­
shall soils are the predominant upland soils in this water­
shed, together accounting for more than three-fourths of the 
entire watershed area. Other upland series mapped in small 
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amounts were Ida, Dow and Shelby. The major nonupland soils 
in the watershed were mapped as an upland drainage complex 
which includes the Judson, Kennebec, Nodaway, and probably 
the Napier series. 
Monona and Marshall soils are characterized by extra­
ordinarily deep loess subsoils. Monona soils are character­
istically found on the side slopes of hills and on the nar­
rower, steeper ridgetops. Marshall soils occur mainly on the 
broader, gently sloping ridgetops and, in a few instances, 
on the lower part of side slopes which are not steep. Both 
soils are fertile, well drained, easily cultivated and free 
from stones, but unless properly managed, are subject to 
rapid erosion. Marshall soils have a slightly higher produc­
tivity potential than Monona soils. 
The soils mapped as an upland drainage complex are either 
colluvial or alluvial, fertile and generally well drained. 
Soils slopes Maximum slopes on the upland soils' of 
this watershed do not exceed 18 percent. Nearly one-half of 
the uplands have slopes of from S to 13.9 percent. The dis­
tribution of upland soils within different slope groupings 
is given in Table 2. With the exception of approximately 28 
acres of Judson silt loam which has an average slope of about 
7 percent, nonupland soils have slopes of less than 5 percent. 
Antecedent erosion The upland soils of the Spring 
Valley Creek Watershed evidence historical erosion processes. 

























684.2 24.09 1,931.7 68.02 224.0 7.89 
Marshall 1,074.3 94.96 57.0 5.04 — — — — — 
Ida — 15.0 59.06 10.4 40.94 
Dow 4.6 37.10 7.8 62.90 — — — — 
Shelby — 2.4 100.00 
All upland soils 1,074.3 26.78 745.8 18.59 1,954.5 48.72 236.8 5.90 
i 
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Sheet erosion removes surface soil and plant nutrients, re­
sulting in a decreased productivity potential unless the 
nutrients are replaced. 
The degree of antecedent erosion is closely related to 
slope (Table 3) . Of the upland soils with slopes of less than 
5 percent, only about 16 percent are moderately eroded, and 
none are severely eroded; the remaining 84 percent are only 
slightly eroded.^ Approximately 89 percent of the soils with 
slopes within the 5 to 13.9 percent range are moderately 
eroded and only 8 percent severely eroded. Sixty-one percent 
of the soils with slopes of 14 percent or greater, however, are 
severely eroded. Considering all upland soils in the water­
shed, about one-fourth are slightly eroded, 66 percent moder­
ately eroded, and 9 percent severely eroded. 
Stream properties 
Throughout most of its course in the upland portion of 
the watershed, the main stem of Spring Valley Creek is joined 
by numerous small feeder branches, many uncrossable with farm 
implements. Areas bordering the main stem and these feeder 
branches are covered with trees or indigenous shrubs, making 
these areas unsuitable for cultivation. The bottomland is 
^Degrees of erosion are defined as follows : slightly 
eroded, 7-12 inches of top soil remaining; moderately eroded, 
3-7 inches of top soil remaining; and, severely eroded, less 
than 3 inches of top soil remaining. 
Table 3. Distribution of Spring Valley Creek Watershed upland soils by degree 
of antecedent erosion within slope groupings 
Degree of antecedent erosion 
Slight Moderate Severe 
Percent of Percent of Percent of 





















































— —  4.6 100.0 
7.8 100.0 
Shelby 
14.0-17.9 percent 2.4 100.0 
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well suited for cultivation. 
Two characteristics of the creek and drainage area are 
particularly distinctive. The floodplain of Spring Valley 
Greek merges imperceptively into the floodplains of minor 
streams on either side. Thus, the boundaries of the water­
shed as the creek flows across the West Nishnabotna bottom 
may be only imperfectly defined. Secondly, the stream is 
entrenched to an extent that it flows almost entirely upon 
glacial till. Thi^s entrenchment reaches a maximum depth in 
excess of 30 feet in the lower part of the upland watershed. 
The creek flows through an artificially straightened 
channel across the Nishnabotna bottom for approximately one 
and one-fourth miles. The lower portion of this channel is 
overgrown with vegetation which has the effect of reducing 
the velocity of water flowing through it. 
A continuous water-stage recorder was installed December 
£, 1955, about one and one-half miles upstream from confluence 
with the Nishnabotna River. This recorder has been operated 
by the U. S. Department of Interior, Geological Survey, and 
stream flow records are available since installation. 
The gradient of the stream above the gauging station is 
£32 feet, or an average gradient of approximately 41 feet per 
mile. 
37 
Ownership and Operating Units 
and Principal Land Uses 
Ownership units 
At the time of the survey, land ownership in the Spring 
Valley Creek Watershed was distributed among 50 different 
individuals, a rock quarry company and Mills County (roads). 
The pattern of land ownership is shown In Figure 2. Table 4 
supplements Figure 2 by detailing for each owner the acreages 
and principal uses of land owned. 
The size of land holdings in the watershed by any indi­
vidual owner ranged from 651.3 acres (owner 14, Figure 2 and 
Table 4) to 2.7 acres (owner 52, Figure 2 and Table 4). The 
average size of land holdings within the watershed by indi­
viduals was about 102 acres. 
Operating units 
Privately owned land within the watershed formed parts or 
all of 50 separate farm operating units. Figure 3 portrays 
the separate operating units and is supplemented by Table 5 
which details for each operating unit acreages and principal 
uses of land within the watershed. The smallest acreage of any 
operating unit falling within the watershed was only 8.3 acres 
(operator 38, Figure 3 and Table 5), whereas the largest was 
316.2 acres (operator 17, Figure 3 and Table 5). 
Sixteen tenants rented all or parts of their farms. 
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Figure 2. Pattern of land ownership in the Spring Valley 
Greek Watershed 
Table 4. Land ownership and principal uses of land within ownership units in the 











and lots Roads 
(acres) (acres) (acres) (acres) (acres) 
1 50.5 50 . 5 
2 20.0 —  —  — —  —. — 20.0 
3 59.1 —  —  —  —  •— * 59.1 
4 30.9 —  —  30.9 
5 75.9 
— —  
• 75.9 
6 5y.O v 59.0 
7 71.8 — —  4.8 — —  76.6 
8 36.1 — — — — 36.1 
9 57.0 —  —  — — 57.0 
10 301.8 42.9 6.9 — —  351.6 
11 155.2 9.9 3.0 168.1 
12 19.2 0.9 — —  —  20.1 
13 76.8 —  —  5.2 — —  82.0 
14 567.1 62.3 22.5 —  —  651.9 
15 149.8 4.7 4.9 159.4 
16 167.1 5.4 4.2 _ _  176.7 
17 244.4 56.0 15.8 —  —  316.2 
18 482.0 43.7 11.4 —  — - 537.1 
19 29.2 —  —  — — 29.2 
20 26.7 —  —  —  —  26.7 
Table 4. (Continued) 
Principal uses 
Owner Tillable Waste and Farmsteads Total 
identity cropland woodland pasture and lots Roads owned 
\ ' 
( acres) (acres) (acres) ( acres) (acres) 
21 84.5 3.3 — — —  —  87.8 
22 210.3 10.5 13.0 — —  233.8 
23 143.3 14.4 2.7 — —  160.4 
24 20.5 —  —  - — — —  —  20.5 
25 54.0 — 54.0 
26 104.8 7.9 2.5 115.2 
27 12.4 —  —  —  —  — —  12.4 
28 24.3 14.2 2.7 — —  41.2 
29 92.5 23.1 1.5 —  —  117.1 
30 8.3 — — 8.3 
31 115.5 3.7 119.2 
32 52.5 2-1 —  —  — —  54.6 
33 36.3 2.8 —  —  mm» 39.1 
34 17.6 — — — — 17.6 
35 62.3 12-4 74.7 
36 94.9 49.2 3.4 147.5 
37 41.6 5.7 —  —  —  —  47.3 
38 57.7 17.4 —  —  75.1 
39 129.3 15.7 3.7 148.7 
40 16.7 —  1.1 —  —  17.8 







and lots Ro ads 
Total 
owned 
(acres) (acres) (acres)' (acres) (acres) 
41 9-3.3 7.5 1.0 101.8 
42 £4.3 3.0 3.5 — — 30.8 
43 77.4 6.5 2.6 — —i 86.5 
44 67.9 ^ — 4.2 — — 72.1 
45 18.6 1.7 — 20.3 
46 40.8 9.0 3.3 53.1 
47 40.9 — — — — — 40.9 
48 (Mills 
County) — — — —  99.1 99.1 
49 (Quarry 
Co. ) — 18.8a — — — 18.8 
50 40.1 — — — — — 40.1 
51 77.9 13.9 91.8 
52 2.7 2.7 
aFor purposes of this study, the quarry site was considered as waste and 
woodland pasture. 
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Figure 3. Pattern of farm operating units and tenure in 
the Spring Valley Creek Watershed 
Table 5. Watershed acres and principal uses of land within operating units In the 
Spring Valley Greek Watershed 
Principal uses 
Operator Tillable Waste and Farmsteads Total 
identity3- cropland woodland pasture and lots Roads operated 
(acres) (acres) (acres) (acres) (acres 
1 109.5 — 109.5 
2 20.0 —  —  20.0 
4 59.1 —  —  — —  —  
5 30.9 — —  30.9 
6 75.9 •e _ 75.9 
7 71.8 — — 4.8 — — 76.6 
8 166.7 31.7 4.2 202.6 
.9 36.1 — —  —  —  —  —  36.1 
10 57.0 — — 57.0 
11 211.9 11.2 7.9 — «m 231.0 
12 155.2 9.9 3.0 —  —  168.1 
13 149.8 4.7 4.9 —  —  159.4 
14 19.2 0.9 —  —  — — 20.1 
15 67.9 — 4.2 72-1 
16 211.6 32.9 5.0 249.5 
17 244.4 56.0 15.8 — —' 316.2 
18 40.1 — — — — 40.1 
19 167.1 5.4 4.2 — — 176.7 
20 43. 5 9.0 3.3 — — 55.8 
aAn operator initially identified as number 3 was later excluded from the 
analysis after it was. determined that no part of his unit was located within the 
watershed. Hence, there is no "operator identity 311, and there is only a total of 
52 separate operators rather than a total of 53 suggested by the last number in 
the operator identity column. 
Table 5. (Continued) 
Principal uses 
Operator Tillable Waste and Farmsteads Total 
identity cropland woodland pasture and lots Roads operated 
(acres) (acres) (acres) (acres) (acres 
21 84.5 3.3 — 87.8 
22 40.9 — — —  —  40.9 
23 152.9 16.1 4.2 — — 173.2 
24 155.6 17.4 2.7 —  —  175.7 
25 29.2 —  —  29.2 
26 24.3 14.2 2.7 mm* mmm 41.2 
2? 26.7 26.7 
28 210.3 10.5 13.0 — —  233.8 
29 143.3 14.4 2.7 — —  160.4 
30 173.5 10.2 4.5 — — 188.2 
31 157.8 29.4 6.5 193.7 
32 20.5 —  —  — — —  20.5 
33 54.0 — — 54.0 
34 117.2 7.9 2.5 — —  127.6 
35 157.2 61.6 3.4 — — 222.2 
36 197.7 11.0 ___ 208.7 
37 (Quarry v, 
Co.) —  —  18.8° — — 18.8 
38 8.3 — — — 8.3 
39 115.5 3.7 —  —  119.2 
40 52. 5 2.1 54.6 
^Quarry site considered as waste and woodland pasture. 









and lots Roads 
Total 
operated 
(acres) (acres) (acres) (acres) ( acres) 
41 92.5 23.1 1.5 117.1 
42 36.3 2.8 — — 39.1 
43 17.6 — — — 17.6 
44 41.6 5. 7 — — — — 47.3 
45 57.7 17.4 
— —  75.1 
46 129.3 15.7 3.7 148.7 
47 77.9 13.9 — — _ 91.8 
48 16.7 1.1 — — 17.8 
49 93.3 7.5 1.0 — — 101.8 
50 77.4 6.5 2.6 — —  86. 5 
51 18.6 1.7 20.3 
52 24.3 3.0 3.5 30.8 
53 (Mills 
County) —  —  99.1 99.1 
Totals 4,542.8 468.6 123.9 99.1 5,234.4 
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Rented land comprised 1,894.1 acres, the remaining 3,222.4 
acres of privately owned land in agricultural uses being 
operated by the owners. Although crop-share, livestock-share 
and cash leasing arrangements existed within the watershed, 
the predominant leasing arrangement on tenant operated farms 
was crop-share. 
Principal land uses 
Of the total of 5,234.4 acres in the Spring Valley Creek 
Watershed, 5,116.5 acres were in agricultural uses in January, 
1958. Public roads occupied 99.1 acres, and a rock quarry 
was located on a tract of 18.8 acres owned by the quarry com­
pany. Of the land in agricultural uses, it was estimated 
that 4,542*8 acres were tillable, 123.9 acres were occupied 
by farmsteads and lots, and. 449.8 acres were wooded. 
The relevant watershed area subject to adjustments in 
land use and treatment measures was defined to be the acres 
of tillable land shown for each ownership and operating unit 
in Tables 4 and 5. Land in farmsteads, lots and woods was 
treated as fixed in its current use causing predevelopment 
hydrologie properties of this land to remain unchanged by the 
reorganization of resources by operating units. 
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PRED E VELO PME NT MANAGEMENT SYSTEMS AND 
ASSOCIATED HYDROLOGIC DAMAGES 
Alternative development plans must be evaluated with 
reference to some common base or benchmark situation. Man­
agement systems, associated hydrologic damages and resultant 
returns actually existing during an historical period imme­
diately preceding the evaluation are the most appropriate 
benchmarks from which to measure the economic effects of 
changes in resource use within a watershed. Alternative 
development plans could be compared with an assumed or hypo­
thetical pattern of resource use and their relative benefits 
determined; however, this approach would preclude the identi­
fication of absolute benefits associated with the plans. 
Aggregated individually optimal farm plans, possibly 
representing an optimal development plan for the Spring Valley 
Creek Watershed, therefore were evaluated with reference to 
1953-1957 management systems on farms projected over the 
50-year period, 1958-2007. That is, the pattern of resouce 
use and resultant returns actually existing during the 1953-
1957 period served as the benchmark from which the effects of 
reorganization of watershed resources were measured. 
This chapter is devoted to describing the predevelopment 
(1953-1957) situation in the Spring Valley Creek Watershed. 
First, predevelopment watershed land use and treatments are 
presented. Second, the incidence, source and magnitude of 
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hydrologie damage associated with these land use and treatment 
measures are estimated and projected over a 50-year period. 
A following section illustrates delineation of the watershed 
into the basic land units upon which the hydrologie analysis 
is based, and their use in estimating land use and treatment 
measures on areas for which this information was not acquired 
by field surveys. A description of the predevelopment situa­
tion is concluded by presenting two sets of net return esti­
mates for watershed farm operating units. One set estimates 
predevelopment net returns from crops produced on the water­
shed portion of every operating unit and serves as the con­
ventional benchmark for a watershed analysis. The other set 
contains estimates for only 28 farms, but includes revenues 
from crop and livestock enterprises outside the watershed but 
within the farms. This latter set of estimates is subsequent­
ly used to illustrate possible implications in planning water­
sheds of confining the analysis to partial farm units. 
Predevelopment Land Treatment and Use 
Installed terraces (1957) 
The Spring Valley Creek Watershed contains 3,698.4 acres 
of tillable upland soils. With the exception of only 1.4 
acres of Shelby silt loam, all upland soils are well suited 
to terraces. Since these soils exhibit good drainage prop­
erties, level terraces are appropriate and nearly exclusively 
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constructed. 
The percents of tillable upland soils terraced within 
different slope ranges are shown in Table 6. From this table 
it may be observed that 37.4 percent of the tillable upland 
Table 6. Amount and percent of tillable upland soils 
terraced, by slope groupings, Spring Valley 









2.0-  4.9 1,013.2 696.6 68.7 
5.0- 8.9 693.7 220.0 31.7 
9.0-13.9 1,788.7 439.6 24.5 
14.0-17.9 202.8 28.8 14.2 
Total 
(all slopes) 3,698.4 1,385.0 37.4 
soils was terraced in 1957. It is particularly interesting 
to observe the relation between slope and installed terraces. 
Table 6 also shows that moderate slopes were much more heavily 
terraced than steep slopes. There are two plausible explana­
tions for this relation: (a) the horizontal interval between 
terraces is inversely related to the degree of slope', thus 
farm operators may have been reluctant to terrace steep slopes 
because of the amount of land devoted to terraces and the 
many attendant short rows; and (b) recommendations for terrac­
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ing moderate slopes may have been an implicit result of formu­
lating conservation plans with reference to maximum permis­
sible soil loss restrictions since moderate slopes, if ter­
raced, may be planned for high-intensity rotations whereas 
such rotations on steeper slopes are precluded by the soil 
loss restriction, even though terraced. 
Contouring 
Little of the unterraced tillable land was, during the 
predevelopment period, farmed on the contour. On a large 
proportion of the fields, row crops were planted with refer­
ence to fence lines or other field boundaries Independent of 
slope. Since it was impossible to quantify the quality of 
contouring on those few fields where rows were apparently 
laid out with reference to slope, and since these fields con­
stituted only a very small proportion of the total tillable 
acreage in the watershed, the subsequent analysis treats all 
unterraced cropland as noncontoured. 
Applied fertilizer 
Farm operators in the Spring Valley Creek Watershed gen­
erally applied much less fertilizer than recommended during 
the predevelopment period (recommended rates of application 
are included in Table 31). Some operators never applied fer­
tilizer. Few applied the recommended rate. In general, those 
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operators using fertilizer applied about one-half that amount 
recommended. In aggregate terms for the watershed as a whole, 
during the predevelopment period, roughly 10 percent of the 
recommended amount of fertilizer was annually applied. 
Land use 
During the predevelopment period, the average annual use 
of tillable land within the Spring Valley Creek Watershed was 
44.4 percent row crop, 12.6 percent small grain and 4-3.0 per­
cent meadow. Table 7 details land use within different slope 
and land treatment groupings. Several interesting observa­
tions relevant to the predevelopment hydrology of this water­
shed can be made from Table 7: (a) the intensity of rotations 
followed was not consistently related to the slope of the 
land, (b) farm operators did not intensify rotations on land 
merely because it was terraced, and (c) the intensity of rota­
tions on nonupland soils was approximately the same as for 
uplands. 
Table 7. Average annual use of tillable land within different soils groupings, 
Spring Valley Greek Watershed, predevelopment period 
Row crop ' Small graln^ Meadow0 
Percent of Percent of Percent of 
Soils groups Acres soils group Acres soils group Acres soils group 
Terraced upland 
2.0- 4.9 percent slope 305 . 5 43 .9 104. •3 15. 0 286 .8 41. 2 
5.0- 8.9 percent slope 104 .7 47 • 6 30.  1 13. 7 85 .2 38. 7 
9.0-13.9 percent s lope 171 .6 39 .0 58. 9 13. 4 209 .1 47.  6 
14.0-17.9 percent slope 1 • l) 4 .5 3. 1 10.  8 24 .4 84.  7 
All terraced upland 583 .1 42 .1 196.  5 14. 2 605 • 6 43.  7 
Unterraced upland 
2.0- 4.9 percent slope 183 .7 58 .0 44.  4 14.  0 86 .5 28.  0 
5.0- 8.9 percent slope 214 .9 45 • 3 65. 6 13.  8 193 .4 40. 8 
9 .0-1-3.9 percent slope 567 .1 42 .0 186.  7 13. 8 59 5 .2 44.  1 
14 .0-17.9 percent slope 78 .  6 45 .2 35. 9 20. 6 59 .4 34.  2 
All unterraced upland 1,044 .3 45 .1 332. 6 14.  4 936 . 5 40.  5 
Unterraced nonupland 388 .5 46 .0 44.  5 5. 3 411 .4 48.  7 
All tillable soils 2,015 .9 44 .4 573.  6 12. 6 1,953 .5 43. 0 
^Includes corn, soybeans, milo and sorghum. 
\ 
^Includes oats and wheat. 
0Includes rotation meadow and permanent meadow on tillable land. 
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Hydrologie Damages Associated with 
Predevelopment Land Use and Treatment 
1 
On-site flooding 
Within the Spring Valley Greek Watershed, the greatest 
hazard of stream overflow (on-site flooding) is on the main 
stem of Spring Valley Creek near its confluence with the West 
Nishnabotna River. The greatest hazard of on-site flooding 
was identified at this location because of restricted channel 
capacity resulting from (a) a channel cross-section smaller 
than the cross-section further upstream, (b) a heavy growth 
within the channel impeding the velocity of water flow, (c) 
a flatter grade as the channel crosses the flood plain of the 
West Nishnabotna River, and (d) possible backwater effects 
from the West Nishnabotna River. The channel capacity of 
Spring Valley Creek at this location was computed to be 3,915 
cubic feet per second. 
Assuming the existence of land use and treatment measures 
described in the foregoing section, possibilities of overflow 
on the main stem of Spring Valley Creek were appraised by 
^The hydrologie analysis as it relates to on-site flood­
ing initially was done by personnel of the Agricultural 
Engineering Department, Iowa State University. Procedures 
followed closely those used by the Soil Conservation Service 
in watershed planning (£7). Some of the estimates presented 
by Gray (8j_ in the preliminary hydrologie analysis of the 
Spring Valley Greek Watershed have been adjusted to reflect 
corrected figures on watershed land use and treatment; pro­
cedures of analysis, however, remain unchanged. 
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comparing estimated peak discharges from a continuum of dif­
ferent intensity and duration 1:50-year frequency storms with 
p 
trie computed capacity of the channel. In Table 8 are pre­
sented estimated peak discharges from selected storms. The 
highest peak discharge, approximately 3,250 cubic feet per 
second, would be produced by a storm of about 4 l/3 hours 
duration. 
It is important to emphasize that the peak discharges 
listed in Table 8 undoubtedly overestimate the magnitudes of 
the discharges which would, in fact, result from the selected 
storms. Nearly all of the terraces in the Spring Valley Creek 
Watershed are level with a designed two inches of runoff-
retention capacity. The listed discharges have not been 
reduced by the retention capacity of terraces. This over­
estimate was an intentional bias because it was unknown to 
what extent the designed capacity of terraces had been main­
tained . Assuming that installed terraces had been maintained 
to 75 percent of their designed capacity, the listed dis­
charges would be reduced by approximately 25 percent. Subse­
quent hydrologie analyses assume water storage by terraces 
of 75 percent of designed capacity. 
^Storms of a 1:50-year frequency were selected since 50 
years generally define the economic planning horizon of water­
shed studies'. It is, of course, possible to design projects 
for protection against storms of a greater recurrence inter­
val than the specified economic horizon. 
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Table 8- Direct runoff and peak discharges from selected 
1:50-year storms, predevelopment land use and 






runoff® Peak discharge8. 
(hours) (inches/hour ) (inches) (inches) (cubic feet/second) 
2.0 1.70 3.40 " 1.14 2,840 
2.6 1.40 3 .64 1.29 3,110 
3.0 1.25 3.75 1.36 3,190 
3. 5 1.10 3.85 1.41 3,200 
4.0 0.96 3.84 1.41 3,100 
4.1 0.95 3.90 1.46 3,160 
,4.5 0.90 4.05 - 1.55 3,240 
5.5 0.75 4.12 1.63 3,120 
6.0 0.70 4.20 1.66 3,100 
7.0 0.63 4.41 1.81 3,090 
8.0 0.56 4.48 . 1.89 2,950 
9.0 0.50 4 .50 1.90 2,770 
aThe water-retention capacity of terraces is not deducted 
from either direct runoff or peak discharge figures. 
A comparison of the estimated channel capacity (3,915 
cubic feet per second) with the highest peak discharge-
producing storm (3,250 cubic feet per second) suggests that 
no on-site flooding would be experienced from a 1:50-year 
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storm with the existence of predevelopment land use and treat­
ment measures. This finding is consistent with the results 
of an informal survey of farm operators; namely, flooding 
within the watershed has not been a serious hazard. 
Gully erosion 
To enable the determination of benefits attributable to 
measures which stabilize active gullies, it is first neces­
sary to establish a projected rate of gully growth without 
the measures in effect. Since there is currently a dearth of 
information relating to the causative factors of gullying, 
the most appropriate basis for projecting future rates of 
growth are historical rates of growth. Two alternative means 
of establishing historical rates of growth are available : 
(a) interview of long-time watershed residents who have had 
the opportunity to observe, over a period of time, the ad­
vancement of gullies; and (b) measurements of the limits of 
active gullies on aerial photographs taken at intervals of 
several years. The latter alternative was followed in this 
study because it seemed to promise more objective estimates. 
From aerial photographs taken in 1938, 16 active gullies 
were identified within the watershed. The sites of these 
gullies and contributing drainage's are shown in Figure 4. 
The limit (head) of each of the 16 gullies was recorded for 
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Figure 4. Potential gully hazard sites and contributing 
drainages, Spring Valley Creek Watershed 
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years, 1950 and 1955. Distance from the gully head to its 
mouth was measured for each of the three years. Presumably, 
active gullying would be identified by a greater length from 
head to mouth in a later year as compared, with an earlier 
year. The estimated lengths of each of the gullies in the 
years 19-38, 1950 and 1955 are presented in Table 9. It may 
be noted from Table 9 that, without exception, the lengths 
of all of the 16 gullies decreased during photograph inter­
vals. 
Measurement of gully widths was attempted but considered 
unreliable because of (a) the heavy growth of trees and shrubs 
on gully banks obscuring the exact width limits, (b) the small 
scale of aerial photographs, and (c) poor resolutions of 1938 
and 1955 photographs. Although the information contained in 
Table 9 provides no basis for estimating the amount of land 
"reclaimed" from gullying between photograph intervals since 
widths are unknown, it is considered sufficient evidence that 
gullies within the Spring Valley Greek Watershed are stabil­
ized and that sustained predevelopment land use and treatment 
measures would not result in land destruction -through gully­
ing . 
The rates of gully regression In the Spring Valley Greek 
Watershed have been much faster than those possible from un­
attended natural healing processes. Most of the terraces 
known to exist in 195? were installed during the interval 1938 
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Table 9. Estimated lengths of 16 gullies in the Spring 
Valley Creek Watershed in the years 19-38, 1950 
and 1955 
Size of 
contributing Length from head to mouth 
Gully number drainage 1938 1950 1955 
(acres) (feet) (feet) (feet) 
1 44.3 1,800 1,560 1,040 
2 42.2 1,120 420 60 
3 69.4 1,720 400 20 
4 78.9 2,220 1,620 920 
5 39.5 920 620 120 
6 16.9 700 340 120 
7 51.9 2,160 1,920 920 
8 21.0 960 880 360 
9 17.8 1,080 760 480 
10 30.7 1,200 1,100 260 
11 52.9 1,780 1,680 60 
12 35.3 1,520 1,420 60 
13 38.7 1,380 840 360 
14 51.7 2,000 1,760 1,320 
15 36.7 1,560 1,080 0 
16 54.0 2,220 1,820 800 
aSource: Henry W. Dill, Washington, D. C. Gully devel­
opment , Spring Valley Creek Watershed, Mills County, Iowa. 
Private communication. 1960. 
to 1955. Possibly, decreased volumes of runoff associated 
with the installation of these terraces could have effec­
tively stabilized the gullies. Also, it is reasonable to 
believe that during this same interval direct measures such 
as reshaping and reseeding were undertaken. 
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Sheet erosion 
Average annual rates of sheet erosion expressed in tons 
of soil loss per acre were computed for each basic hydro logic 
land unit within the watershed consisting of a tillable up-
3 land soil. Weighting by acreage the rates associated with 
each basic land unit, average annual soil losses on tillable 
uplands were computed for the watershed portion of each oper­
ating unit. Losses accruing to predevelopment land use and 
treatment measures are shown in Table 10. 
Maximum permissible annual rates of loss for upland soils 
in the Spring Valley Creek Watershed are frequently inter­
preted as about 5 tons per acre.4 That is, erosion rates 
restricted to this level will permit unimpaired productivity 
over time. Referring to Table 10, it is evident that sus­
tained predevelopment land use and treatment measures on most 
farms likely would result in decreased productivity due to 
loss of surface soil. Although annual erosion rates for farms 
ranged from 1.2 to 39.8 tons per acre, only a few were within 
3Annual rates of soil loss were computed by Browning's 
method (10). This method includes as variables affecting 
the rate of soil loss, soil type, percent of slope, length 
of slope, antecedent erosion, level of fertility, crop rota­
tion and supplemental practices. 
4Since the bulk density of the upland soils within this 
watershed is approximately 1.31 grams per cubic centimeter, 
about 149 tons are equivalent to an acre-inch. 
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Table 10. Average annual per acre soil loss by operating 
unit on tillable watershed uplands, predevelopment 
land use and treatment measures 
Operating Tillable upland soils Annual per acre 
unit number in watershed soil loss 
(acres) (tons) 
1 91.2 13.-3 
2 16.5 31.7 
4 49.8 14.2 
5 24.2 14.5 
6 62.8 7.1 
7 58.1 11.0 
8 136.5 39.8 
9 36.1 5.4 
10 57.0 7.0 
11 . 128.0 25.1 
12 131.5 13.1 
13 124.1 16.3 
14 19.2 11.6 
15 0.0 
16 177.1 23.2 
17 208.6 8.9 
18 39.4 6.3 
19 146.7 5.2 
20 0.0 
21 65.3 14.4 
22 0.0 
23 106.8 16.7 
24 102.8 23.1 
25 28.5 5.0 
26 23.8 10.6 
27 24.8 5.9 
28 197.3 2.8 
29 126.2 11.1 
30 136.3 15.6 
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Table 10. (Continued) 
Operating Tillable upland soils Annual per acre 
unit number in watershed soil loss 
( acres) (tons) 
31 114.4 30.2 
32 19.1 7.9 
33 54.0 1.2 
34 101.9 18.1 
35 141.5 26.2. 
36 161.1 21.4 
37 0.0 
38 8.3 8.2 
39 109.4 6.4 
40 43.1 20.4 
41 82.1 15.3 
42 36.3 21.6 
43 17.6 7.8 
44 41.6 14.6 
45 57.7 20.6 
46 71.6 20.6 
47 75.5 17.6 
48 16.1 £8.0 
49 62.8 15.8 
50 45.6 21.4 
51 2.2 18.2 
52 21.6 34.9 
53 0.0 
Average soil loss from tillable 
or approached the permissible limit. The average annual soil 
loss from tillable uplands within the watershed was computed 
as 16.1 tons per acre. 
Because of the lack of consistent data relative to the 
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effects of surface soil loss on crop yields and fertilizer-
surface soil substitution relationships, diminishing produc­
tivity resulting from predevelopment rates of sheet erosion 
projected over a 50-year period was not monetarily evaluated. 
Damages to public bridges 
Procedure for estimating damages Within the Spring 
Valley Greek Watershed, there are five public bridges, each 
potentially damageable by excessive runoff and consequent 
high stream flows. The location of each of these bridges 
(identified by the first five capital letters of the alphabet) 
is shown in Figures 4 and 5. Land areas contributing to run­
off and water flow under each of the bridges are delineated 
and, designated as sectors 1, 2, 3, 4 and 5 in Figure 5. 
Water flow under each bridge results from runoff from all of 
the upstream sectors. That is, whereas sector 5 contributes 
all of the runoff"flowing under bridge E, stream flow under 
bridge D is comprised of runoff from both sectors 4 and 5. 
Similarly, sectors contributing to runoff flowing under 
bridges G, B and A are 3, 4 and 5; 2, 3, 4 and 5; and 1, 2, 
3, 4 and 5, respectively. 
Projected estimates of bridge damages under sustained 
predevelopment land use and treatment measures were derived 
by relating recorded historical damages to estimated his­






BRIDGE IDENTITY EX 
,SECTOR 3 
SECTOR 2 
Figure 5. Watershed sectors contributing to water flow under 
each of five public bridges in the Spring Valley 
Creek Watershed 
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employed in estimating future damages assumes : (a) that 
changes in annual bridge damages attributable to water runoff 
are proportional to the changes in magnitude of discharge 
associated with the maximum peak-producing 1:25-year storm; 
(b) that changes in runoff volumes (Q^) induced by accounting 
for the runoff-retention capacity of level terraces are 
accompanied by proportional changes in peak discharges (Qp); 
(c) that the time-concentration pattern of runoff established 
by stream gauge data is not greatly affected by changed land 
use and treatment measures;® and (d) that level terraces have 
5 This assumption requires further elaboration. The 
method used to estimate peak discharge from a given Intensity 
and duration storm employs the relation Qp = Qt^i^g where % 
and Kg represent values reflecting unique characteristics of 
the watershed with regard to time and amount of concentration 
of runoff. These values are computed utilizing stream gauge 
records and may be treated as constants when used to analyze 
a given storm over a watershed if land use and treatment 
measures are the same as existed during the period of stream 
gauge records. That is, for example, the amount by which 
level terraces reduce peak discharge can be correctly ascer­
tained merely by reducing the value of 0,% for terraced areas, 
leaving unaffected the values of K]_ and Kg, only for land use 
and treatment measures identical to those prevailing during 
the period of gauge records. "In this study, however, it was 
considered necessary in some instances to estimate peak dis­
charges, corrected for the runoff-retention capacity of ter­
races, for land use and treatment measures quite different 
than those prevailing during the period of record. In these 
cases, it was assumed that the changed land use and treatment 
measures did not substantially alter the time-concentration 
of runoff, but that the volume of runoff was the important 
determinant of peak discharge. The deficiencies of this 
assumption are apparent since the location of land use and 
treatment measures alone could, in effect, change the config­
uration of the excessive, runoff-producing portion of the water­
shed, hence, changing the time-concentration pattern of runoff 
and values for K]_ and Kg. 
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an effective runoff-retention capacity of 1.5 inches irrespec­
tive of the date of installation. 
Maintenance costs due to excessive runoff volumes® were 
obtained for each bridge. Periods of maintenance records were 
varied and ranged in length from 18 to 21 years (column 2, 
Table 11). Since this analysis presumes 1957 price levels 
projected over a 50-year period, but maintenance records re­
flected price levels over a preceding historical period, 
recorded maintenance costs (column 4, Table 11) were adjusted 
by an appropriate construction cost index (column 5, Table 11) 
to convert costs incurred during the period of record to 1957 
values (column 6, Table 11). Total adjusted maintenance costs 
were then divided by the number of years of maintenance 
records to yield an average annual maintenance cost at 1957 
7 
price levels (column 7, Table 11). 
Since more terraces existed in 1957 than at any time 
during the periods of maintenance cost records, and projected 
damages are based on 1957 land use and treatment measures, 
^Maintenance costs due to excessive runoff volumes were 
interpreted as all incurred costs except the cost of replant­
ing bridge floors which was considered to result from use and, 
hence, should not be credited as a damage attributable to ex­
cessive water flows• The amounts shown in Table 11 reflect 
principally the costs of bridge extensions and new pilings 
necessary because of channel widening. 
^Because of lack of information as to the dates that 
maintenance costs were actually incurred, it was assumed that 
they were annually incurred in equal amounts during the period 
of record. 
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Table 11. Derivation of projected damages to bridges in the Spring Valley Creek Watersh 
Maintenance costs Construction 
Length of during period of cost index M 
Bridge Period of period of record due to for period 
identifieation maintenance records record excessive water flow of record0 
XD (2) (3) 00 (5) 
(years) (dollars) (1957 - 100) 
A 1939-1959 inclusive 21 975.00 66.33 
B 1933-1950 inclusive 18 la.08 
C 1933-1950 inclusive 18 398.3k 1+1.08 
D 19ltO-1959 inclusive 20 0.00 — 
E 1929.-191*9 inclusive 21 379.69 36.77 
Source of bridge maintenance cost data: Paul C. Hixon, County Engineer, Mills Co 
^Includes all maintenance costs exclusive of replanking bridge floors. 
^Construction cost index computed on the basis of a hypothetical unit of construct 
lumber, 2,500 pounds of structural steel, and 200 hours of common labor. 
^Annual maintenance costs discounted at 2 l/2 percent over $0 years. 
ïek Watershed, predevelopment land use and treatment measures3 
bruction Annual Annual 
: index Maintenance costs maintenance costs maintenance costs Present value 
period adjusted to adjusted to adjusted to 1957 of projected 
record0 1957 index 1957 index estimated discharges maintenance costs 
:s) (6) (7) (8) (9) 
i
 
n (dollars) (dollars) (dollars) (dollars) 
S.33 1,169.92 70.00 5k. 67 1,550.57 
L.OB 1,215.77 67.55 52.57 1,491.01 
L.08 969.as 53.97 ki.59 1,179.59 
S.77 1,032.60 49.17 36.80 1,043.73 
Totals 185.63 5,264.90 
r, Mills County, Iowa. Private communication. I960. 
C construction requiring 6 barrels of portland cement, 1,088 board feet of 2' x Vr 
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costs contained in column 7 of Table 11 were adjusted to 
reflect the amount of terraces known to have been installed 
by 1957. These adjusted costs, which are the projected 
estimates of annual damages to bridges under sustained pre­
development land use and treatment measures, are shown in 
column 8 of Table 11. The procedure used for adjusting 
historical bridge damages to reflect changed land treatment 
measures is given below. 
It was assumed that within each delineated sector above 
a bridge (Figure 5) relative to the amount of terraces known 
to have been installed by 1957, 5 percent had been installed 
by 1939 and 55 percent by 1949; further, during each year 
within each of the periods 1935-1939, 1940-1949, and.1950-
1957, equal amounts of terraces were constructed.. By assump­
tion, then, the "average11 amounts of terraces existing in each 
sector during'the period of maintenance cost records were 
specified. 
Based upon the assumed amount of terracing and land use 
established for the predevelopment period for sectors 5, 4, 
3 and 2, peak discharges at bridge B (the location of the 
stream gauge) were computed for a continuum of different in­
tensity and duration 1:25-year storms. The maximum peak re­
sulted from a storm of approximately 4 hours duration. Esti­
mates of peak discharges at other bridge locations from a 
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g 
similar storm were computed utilizing the equation 
Qpi = qpb (1) 
th 
where Qp^ = estimated peak discharge at the i bridge, 
Qpg = computed peak discharge at bridge B, 
Aj_ = acres in drainage area above the i^ bridge, 
Ag = acres in drainage area above bridge B-
Peau discharges, uncorrected for the runoff-retention 
capacity of terraces, were estimated for the historical 
periods of bridge maintenance records as presented in column 
2 of Table 12. Peaks for these same periods, adjusted-for 
the runoff-retention capacity of terraces, are listed in 
column 3. The method described below was employed in correct­
ing peak flows for runoff retained by terraces : 
Let = the unadjusted peak discharge from the ith drainage. 
= the computed volume of runoff (in inches) from the 
i^ drainage. 
TjL = the percent of the i^*1 drainage terraced/100. 
This equation was suggested by Donald M. Gray, Ames, 
Iowa. Private communication. 1961. It will provide accept­
able estimates of peak discharges at the various bridge loca­
tions only if land use and treatment measures within each of 
the drainage sectors (Figure 5) are sufficiently similar so 
that computed runoff curves for each sector have approximately 
the same value. Land use and treatment measures assumed for 
the periods of bridge maintenance records yielded computed 
runoff curves of equal value for each sector. 
Table 12. Estimated maximum peak discharges (1:25-year storm) used for adjusting 
historical bridge maintenance costs to 1957 land use and treatment 
measures 
Period of bridge maintenance 
records land use and 1957 land use and 
treatment measures treatment measures Bridge 
Peak discharge Peak discharge maintenance 
Bridge Uncorrected corrected for Uncorrected corrected for cost 
identifi- peak discharge terrace runoff peak discharge terrace runoff reduction 
cation (Qp) retention ( Qp ) (Q.p) retention (Qp) factor6 









A 2,710 2,420 2,590 1,890 0.781 
B 2,690 2,390 2,570 1,860 0.778 
C 2,620 , 2,320 2,510 1,790 0.772 
D 2,490 2,180 2,380 1,650 0.757 
: E 1,910 1,670 1,830 1,250 0.749 
^Computed as entry in column 5/entry in column 3. 
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Qp^ = the peak discharge from the i^*1 drainage adjusted 
for the runoff-retention capacity of terraces. 
Q-J; = the volume of runoff (in inches) from the i"6*1 
drainage adjusted for the runoff-retention 
capacity of terraces. 
If we assume that peak discharge is proportionately decreased 
as the volume of runoff is decreased, the following relation 
is true : 
S?i = %=! 12) • 
If we further assume that the runoff-retention capacity of 
terraces is 1.5 inches, then for drainages where the computed 
Q-fci < 1.5, the adjusted volume of runoff is 
%ti = Qti (i - ?i) (3) 
since all of the runoff on the terraced portion of the drain­
age is retained. Alternatively, then, if <1.5, the ad­
justed peak discharge may be computed as 
%i = QP. (1 - Tj_) (4) 
In drainages where the computed > 1.5, the adjusted 
volume of runoff may be expressed as 
( 1 - Tj_) •+• ( - 1 • 5)1^ ( 5) 
since even on terraced portions of the drainage, terraces 
will not retain all of the runoff. Adjusted peak discharge 
may then be computed by equation 2. 
Peak discharges adjusted for the retention capacity of 
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terraces were also computed based upon the amount of terraces 
existing in 1957 and are listed in column 5 of Table 12. 
Projected annual bridge maintenance costs (column 8, Table 11) 
were obtained by multiplying historical annual costs (column 
7, Table 11) by the ratios (column 6, Table 12) of estimated 
corrected peak discharges in 1957 to estimated corrected peaks 
for the period of maintenance records. 
In column 9 of Table 11 are shown for each bridge the 
present values of estimated future damages discounted at 
2 1/2 percent (the rate used for publicly Incurred values) 
over 50 years ( the -specified planning horizon). These figures 
represent the maximum investment limits to economically pro­
vide complete protection for each bridge. 
Procedure for allocating damages among source operating 
units Estimated annual damages to bridges were allocated 
among operating units and subsequently treated as detrimental 
outputs resulting from management systems during the predevel­
opment period. Assumptions underlying the allocation method 
employed are consistent with the ones previously stated. 
Basically, the method allocates bridge damages to an operating 
unit in the same proportion that runoff from the unit consti­
tutes of total runoff flowing under the bridge. The merit of 
this method is that land use and treatment measures, as they 
affect runoff, are properly credited to each operating unit. 
The general equation used to allocate bridge damages to 
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sources of runoff is given as 
1 
i-S 




( 6 )  
th 
where Dj_u = annual damages to the i bridge allocable to 
fV) 
the u operating unit. 
Dj_ = total annual damages to the ith bridge. 
Q.I. = volume of runoff (in inches), adjusted for the 
u 
retention capacity of terraces, from the portion 
of the u^1 operating unit within the watershed 
above the i^1 -bridge. 
Aiu = acres of the operating unit within the 
watershed above the i^ bridge. 
= volume of runoff (in inches), adjusted ,for the 
retention capacity of terraces, from the portion 
of the operating unit within the watershed 
above the i^ bridge. 
Aj^ = acres of the k^*1 operating unit within the 
watershed above the 1^ bridge. 
n = the number of operating, units within the water­
shed above the 1th bridge. 
The method is illustrated below by presenting the compu­
tations for allocating projected annual predevelopment bridge 
damages to operating unit 16. 
Operating unit 16 is divided by sectors 4 and 5 (Figure 
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5), 47.7 acres of this unit being located in sector 4 and 
201.8 acres in sector 5. Since sector 5 defines the limits 
of the drainage area contributing runoff to water flow under 
bridge E, that portion of unit 16 located in sector 4 may be 
ignored for purposes of allocating damages to bridge E back 
to operating unit 16. Total annual damages to bridge E (Dg) 
were computed as #36.80 (column 8, Table 11). Qtg which is 
. 16 
the unadjusted runoff volume from the portion of unit 16 
located above bridge E was computed as 1.10. inches. Correct­
ing the runoff volume by the method shown in equation 3 
yielded a of 0.851 inches. Since that portion of oper­
ating unit 16 located1 in sector 4 may presently be ignored, 
27, , 
Aeic equals 201.8 acres. The quantity 5Z (^tir ), which 
lb k=l k * 
is the sum of the corrected runoff volumes for each of 26 
separate operating units, and public roads controlled by 
Mills County, multiplied by their respective acreages in the 
watershed above bridge E, was computed as 2,067.0 acre-
inches. Annual damages to bridge E allocable to operating 
unit 16, therefore, were estimated as 
E>Ei6 = -36.80 
(0.851)(201.8) 
= #3.06 (7) 2,067.0 
Since no annual damages were identified as accruing to 
bridge D, = $0.00. 
Runoff contributing to damages at bridge C originates 
from sectors 3, 4 and 5 (Figure 5). That is, the portion of 
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operating unit 16 located in sector 4 contributes to water 
flow under bridge C as well as that portion located in sector 
5. Also, whereas only 26 operating units and the public roads 
(all operating units and roads located in sector 5) contribut­
ed to runoff flowing under bridge E, 43 operating units and 
the public roads (all operating units and roads located in 
sectors 3, 4 and 5) contribute to bridge C damages. A new 
I 
QtQig, reflecting the corrected runoff volume for the entire 
acreage of operating unit 16 was computed as 0.782. ^C^g 
which includes acreages of operating unit 16 in both sectors 
44 . 
4 and 5 is 249.5. A recomputed Z. (Qtr Aq ) equals 4,045.0 
k=l uk K 
acre-inches of runoff, consisting of the original 2,067.0 
acre-inches produced by sector 5 and an additional 1,507.7 
and 470.3 acre-inches produced by sectors 4 and 3, respec­
tively. Since estimated annual damages to bridge C were 
$41.59 (column 8, Table 11), the amount allocable to operating 
unit 16 was computed as 
Dcl6 = 41.59 (0.782) (249. 5) 4,045.0 = #2 .01  (8)  
By the same method, a portion of damages to bridges B 
and A were allocated to operating unit 16. In computing Dg^g 
and Dj^g, the corrected runoff volumes from unit 16 (^tBig 
and Qt^g) and the acreages in the unit contributing to runoff 
flowing under the bridges (Ag^g and A^g) were unchanged from 
the values for the corresponding elements in equation 8 since 
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the entire operating unit contributed to damages in each in­
stance. Annual damages to bridges B and A allocable to oper­
ating unit 16 were estimated as $2.37 and #2.41, respectively. 
Total watershed bridge damages allocable to operating unit 
16 equals + DClg + DB16 + DA16 and were estimated 
as $9.85. 
By successively subjecting each watershed operating unit 
and the public roads (Mills County) to the analysis outlined 
for operating unit 16, all bridge damages were allocated to 
the sources of runoff. Allocated annual bridge damages 
accruing to projected predevelopment land use and treatment 
measures are given in Table 13. Damages allocated to water­
shed farms ranged from none for operating units 20 and 22 
which are located in the floodplain to #10.85 for operating 
unit 8 which is located in the upper part of the watershed 
and contributes to watérflow under each of the bridges. 
Off-site flooding 
Off-site flood damages attributable to runoff from the 
Spring Valley Creek Watershed were not assessed. Historical 
data relating to experienced flood damages downstream from 
the confluence of Spring Valley Creek with the West Nishna-
botna River are inadequate and inaccurate• Even had reliable 
data been available, the complexity of such interrelationships 
as the coincidence of runoff peaks within the Spring Valley 
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Table 13. Annual damages to bridges within the Spring Valley 
Creek Watershed allocated among operating units, 
predevelopment land use and treatment measures 
Allocated annual damages 
unit number Bridge A Bridge B Bridge C Bridge E Total 
(1)  (2)  (3) (4?  (5) (6)  
(dollars) (dollars) (dollars) (dollars) (dollars 
1 1.61 1.59 1.34 2.33  6 .87  
2 0.19 0.19 0.16 0.28  0 .82  
4 0.60 0.59 0.50 0.87  2 .56  
5 0.39 0.39 0.33  0 ,57  1 .68  
6 0.50 0.49 0.42  0 .72  2.13 
7 0.92  0.91 0.77 1.33 3.93 
8 2.54 2.51 2.12  3 .68  10.85 
9 0.25  0 .25  0.21 0.36 1.07 
10 0.45 0.44 0.37  0 .65  1.91 
11 1.61 1.59 1.34 2.33  6 .87  
12 1.39 1.38 1.16 2.01 5.94 
13 1.50 1.49  1.26 2.17 6.42  
14 0 17 0.16 0.14 0.24  0.71 
15 0.46 
— — 0.46  
16 2.41  2.37 2.01 3.06 9.85  
17 2.27  2-25 1.89. 2.93  9.34 
18 . 0.33 0.33 0.27  0.47 1.40 
19 0 .77  0 .75  0 .64  1.10 3.26  
20  
— — 
— — — — — — 
21 0.89 0.88  0.74 1.29  3.80 
22 — — — — —» — — — — 
23 2 .31  2 .28  1 .93  3 .33  9,85 
24 2.65  2.63 2.21  2.15 9.64 
25 0.50 0.50 0.42  0  73 2 .15  
26  0. 53 0.53  0.44 1.50 
27 0.18 0.18 0.15 0.26  0.77 
28 0.79 0.78 0.66 0.20  2 .43  
29  1.34 1.33 1.12 — — 3.79 
30 2 .60  2 .57  2 .17  0.35 7.69  
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Table 13. (Continued) 
Operating Allocated annual damages 
unit number Bridge A Bridge B Bridge C Bridge E Total 
(1)  (2)  (3)  (4)  (5)  (6)  
(dollars) (dollars) (dollars) (dollars) (dollars) 
31 2.85  2 .82  2 .38  1.66 9.71 
32 0 .36  0.35 0.30 0.51 1.52  
33 0.11 0.11 0.09  — —  0.31 
34 1.76 1.74 1.47 —  —  4.97 
35 2.53  2 .48  2.10 7,11 
36 2 .63  2.59 2.19  — 7.41 
37 0.12  0 .12  0.10 — —  0.34  
38  0.14 0.14 0.12  — — 0.40  
39  1.02 1.01  0 .85  — — 2.88  
40 0.62  0 .62  0 .52  1.76 
41 0.89 0.88  0.74 2.51  
42 0.59 0.58 0.49  1.66 
43 0.31  0 .30  0 .25  — — 0.86  
44 0.25  0 .25  0.21 0.71 
45 1.02 1.00 0.85  2.87 
46 2.24 2.21 1.51 — 5.96 
47 1.40 1.37 1.06 — 3.83 
48 0.30 0.29 — — 0.59 
' 49 1.08 1.06 — — 2-14 
50 1.38 0.81 — — 2.19 
51 0.33 — — — 0.33 
52 0.46 0.46 — -- 0.92 
53 2.13 2.02  1.59 1.22  6.96 
Total 
allocated 
damages 54.67 52.57 41.59 36.80 185.63 
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Creek Watershed with runoff peaks from other watershed within 
the West Nishnabotna River Basin is beyond the scope of 
present knowledge and would have precluded reasonably accu­
rate analysis. 
Identification of Variables Affecting Predevelopment 
Watershed Hydrology and Land Productivity 
To accomplish the hydrologie analysis just presented and 
to enable the subsequent estimation of net returns to water­
shed crops and farm firms, it was necessary to specify the 
nature of variables affecting predevelopment watershed hydrol­
ogy and land productivity for the entire watershed area. 
This was done by first identifying the physical characteris­
tics of all land within the watershed and then determining 
for every segment applicable predevelopment management 
systems. 
Areas of full predevelopment information 
From personal interviews of farm operators, aerial photo­
graphs and soil maps,® the following information was acquired 
on 3,688.7 watershed acres, or slightly over 70 percent of the 
entire watershed area: (a) ownership of land and operating 
unit of which it was a part; (b) principal use of land, 
9A soils survey of the Spring Valley Creek Watershed was 
made in 1957 by personnel of the Agronomy Department, Iowa 
State University. 
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classified as cropland, woodland waste, roads and farmsteads 
or lots; (c) type, percent of slope and degree of antecedent 
erosion of soils ; (d) 1957 field boundaries and changes in 
the field boundaries during the preceding four years ; (e) 
crops grown on each of the fields during the 5-year period, 
1953-1957; (f) amount and analysis of fertilizer applied; 
and (g) conservation practices followed. Watershed areas 
for which all of these data were acquired were considered as 
areas of full predevelopment information. 
The 70 percent of the watershed for which full predevel­
opment information was available was delineated into 1,-312 
separate homogeneous land units. Each homogeneous land unit 
was defined as a consolidated land area of the same principal 
use, soil type, percent slope, degree of antecedent erosion, 
1953-1977 crop sequence, applied mechanical conservation 
practices, ownership and operating unit These observable 
criteria for delineating homogeneous land units include the 
significant hydrologie and productivity variables. The con­
cept of homogeneous land units is illustrated for operating 
unit 12, an area of full predevelopment information. 
Referring to Figure 6, operating unit 12 was delineated 
10An arbitrary minimum size limit of 0.3 of an acre was 
imposed in delineating homogeneous land units. An area of 
less than 0.3 of an acre, even though apparently homogeneous 
with respect to the above listed criteria, was considered as 
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Figure 6. Delineated homogeneous land units, operating unit 12, 
an area of full predevelopment information 
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into 64 homogeneous land units, each differing with respect 
to one or more of the above criteria from all contiguous units. 
For example, homogeneous land unit 298 located in the upper 
left-hand corner of the figure differs in one or more charac­
teristics from other contiguous units. Unit 298 has Monona, 
11 percent slope and moderately eroded soils, whereas unit 
299 consists of Marshall, 3 percent slope and slightly eroded 
soils; unit 300 has Monona, 7 percent slope and moderately 
eroded soils and, thus, is different from unit 298 with re­
spect to slope; unit 302 differs from unit 298 in soil type, 
slope and antecedent erosion; and unit 338, although of the 
same soil type, slope and antecedent erosion as unit 298, has 
a different historical crop sequence. 
Since unit 298 is homogeneous with respect to physical 
properties and the management system applied to it during 
the predevelopment period, a single productivity estimate or 
runoff coefficient was applicable to the entire unit. The 
same estimate or coefficient was not applicable to unit 299, 
however, since differences in soil type, slope and antecedent 
erosion reflect a slightly higher productivity and different 
hydrologie properties. 
Homogeneous land areas, therefore, served as the basic 
units of analysis. Through identifying the physical charac­
teristics of each land unit and management systems applied to 
them during the predevelopment period, and interpreting these 
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data in terms of expected runoff and net crop revenues, the 
contributions of each unit to observed hydrologie damages and 
farm revenues were determined. 
Areas of limited predevelopment information 
Although the type, slope -and degree of antecedent erosion 
of soils as well as the location of terraces and whether the 
land was devoted to crops, woodland waste, farmsteads or roads 
were known for the entire watershed, 1957 field boundaries, 
5-year historical crop sequences and levels of fertilization 
were not determined by personal interviews of farm operators 
for 1,545.7 watershed cropland acres. Reasons for failure to 
secure this information were : (a) refusal of farm operators 
to provide the information ; (b) inability of farm operators 
to recall the relevant information over the full 5-year his­
torical period; (c) after several attempts, failure to con­
tact farm operators for purposes of conducting the interview; 
and (d) not attempting to interview some farm operators where 
only very small portions of their units fell within the water­
shed. 
It was considered necessary, however, to estimate the 
nature of crop cover during the predevelopment period on these 
areas of limited predevelopment information so that variables 
affecting the hydrology of the watershed could be fully 
described and net revenue estimates from predevelopment land 
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use derived. This was done by first delineating the areas of 
limited predevelopment information into 386 land units, each 
homogeneous with respect to physical properties. The pre­
development land use on each of the 386 units was then con­
sidered to be a composite representative of the "average11 
land use on all land units of identical physical character­
istics for which full predevelopment information was avail­
able. 
Figure ? illustrates the delineation of operating unit 
44, an area of limited predevelopment information, into land 
units homogeneous with respect to physical characteristics. 
It may be noted that as compared with Figure 6, which depicts 
an area of full predevelopment information, the only informa­
tion missing from Figure 7 is field boundaries, implying also 
the lack, of historical crop-sequence and fertilization data. 
With reference to Figure 7, the watershed portion of 
operating unit 44 (that portion above the heavy broken line) 
consists of 18 physically homogeneous land units. Composite 
land uses were assigned to each of these units, except' numbers 
1456 and 1457 which were wooded. To illustrate, units 1460 
and 1464 are physically alike, each consisting of Monona, 11 
percent slope, moderately eroded soils which are terraced. 
The annual composite land use during the predevelopment period 
on these two units, therefore, was estimated to have been 
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Figure 7. Delineated homogeneous land units, operating 
unit 44, an area of limited predevelopment 
information 
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percent meadow, these percentages reflecting the recorded 
average 5-year land use on all Monona, 11 percent slope, 
moderately eroded, terraced soils for which full predevelop­
ment information was obtained. Units of different physical 
characteristics, of course, were assigned different composite 
land uses. For instance, homogeneous land units 1466, 1467 
and 14 71 of operating unit 44 consist of Marshall, 3 percent 
slope, slightly eroded, terraced soils. Composite annual 
land uses assigned to these three units were 4-3.86 percent 
row crop, 14.96 percent small grain and 41.18 percent meadow, 
these percentages again reflecting the recorded predevelopment 
land uses on areas of similar characteristics for which full 
information was available. 
This procedure for specifying land use on 'areas of limited 
predevelopment information is based on the very strong assump­
tion that the physical properties of an area are the determin­
ants of land use. Furthermore, the method unreal!stically 
implies annual production of several types of crops on a 
single homogeneous land unit. On an operating unit or water­
shed scale, however, this lack of realism would not appear 
to be a serious deficiency of the procedure. 
Predevelopment Annual Net Returns From 
Crops Produced within the Watershed 
Based upon the land use, treatment measures and manage­
ment practices either ascertained or estimated as applicable 
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to homogeneous land units, the annual net revenue from crops 
produced, on the watershed portion of each operating unit was 
estimated. The net return from crops produced on the water­
shed portion of each operating unit was then computed as the 
net crop revenue minus the value of associated hydrologie 
damages. Within a conventional watershed evaluation frame­
work, these net return estimates provide the benchmarks from 
which the benefits, coincidental with the adoption of optimal 
farm plans, may be determined for any operating unit and for 
the watershed group. 
All net revenue and return estimates for predevelopment 
management systems were based upon commodity prices, produc­
tion costs and* input-output relationships identical to those 
used in the concurrent research activity which developed 
optimal farm plans. This was absolutely necessary to enable 
comparison of net revenues and returns attainable from the 
optimal farm plans with those accruing to predevelopment re­
source allocation and use. Commodity prices, production costs 
and basic input-output relationships upon which watershed crop 
net revenue and return estimates"were based are presented in 
Tables 31, 3£, 33 and 36. 
Table 14 shows the annual costs, revenues and returns 
associated with crop production on the watershed portions of 
operating unit5 under predevelopment management systems. It 
is important to emphasize that the figures in this table 
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Table 14. Annual costs, revenues and returns associated 
with crop production on watershed portions of 
operating units, predevelopment management systems 
Annual Annual Annual 
Operating gross variable Annual net allocated Annual net 
unit value production revenue hydrologie returns 
number of crops costs from crops damages8 from crops 
(1) (2) (3) (4) (5) (6) 
( dollars) (do liars) (dollars) (dollars) (dollars) 
1 4,461.48 2,415.40 2,046.08 6.87 2,039.21 
.2 863.38 503.98 359.40 0.82 358.58 
4 1,801.65 878.35 923.30 2.56 920.74 
5 934.02 456.13 477.89 1.68 476.21 
6 -2,546.65 1,148.52 1,398.13 .  2 .13 1,396.00 
7 2,226.80 1,095.85 1,130.95 3.93 1,127.02 
8 4,658.00 2,604.01 2,053.99 10.85 2,043.14 
S 1,267.83 555.11 712.72 1.07 711.65 
10 1,891.88 872.71 1,019.17 1.91 1,017.26 
11 8,033.03 3,849.59 4,183.44 6.87 4,176.57 
12 5,376.27 2,870.00 2,506.27 5.94 2,500.33 
13 4,511.30 2,668.00 1,843.30 6.42 1,836.88 
14 605.38 291.04 314.34 0.71 313.63 
15 2,037.31 871.55 1,165.76 0.46 1,165.30 
16 6,455.10 3,673.00 2,782.10 9.85 2,772.25 
17 8,612-75 4,412-57 4,200.18 9.34 4,190.84 
18 1,402.76 6%3.85 778.91 1.40 777.51 
19 4,856.52 2,675.18 2,181.34 3.26 2,178.08 
20 1,522.77 658.76 864.01 864.01 
21 2,851.91 1,949.04 902.87 3.80 899.07 
22 1,592.51 676.00 916.51 916.51 
23 6,257.66 2,912.99 3,344.67 9.85 3,334.82 
24 4,785.30 2,349.80 2,435.50 9.64 2,425.86 
25 1,111.97 484.44 627.53 2.15 625.38 
26 826.92 500.69 326.23 1.50 324.73 
27 814.61 396.33 418.28 0.77 417.51 
28 6,823.80 2,498.15 3,325.65 2.43 3,323.22 
29 4,299.15 2,155.02 2,144.13 3.79 2,140.34 
30 5,444.22 2,650.69 2,793.53 7.69 2,785.84 
transferred from column 6, Table 13. 
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Table 14. (Continued) 
Annual Annual Annual 
Operating gross variable Annual net allocated Annual net 
unit value production revenue hydrologie returns 
number of crops costs from crops damages from crops 
(1) (2) (3) (4) (5) (6) 
(dollars) (dollars) (dollars) (dollars) (dollars) 
31 5,606.90 3,047.44 2,559.46 9.71 2,549.75 
3% 728.62 328.41 394.21 1.52 392.69 
33 1,250.55 661.47 589.08 0.31 588.77 
34 3,637.50 1,828.03 1,809.47 4.97 1,804.50 
35 4,389.98 2,327.15 2,062.83 7.11 2,055.72 
36 6,071.45 3,064.06 3,007.39 7.41 2,999.98 
37 — — — — 0.34 -0.34 
38 293.87 134.65 159.22 0.40 158.82 
39 3,276.79 2,490.95 785.84 2.88 782.96 
40 1,514.51 . 1,174.07 340.44 1.76 338.68 
41 2,035.38 " 1,360.29 675.09 2.51 672.58 
42 1,100.82 578.42 522.40 1.66 520.74 
43 674.61 299.59 375.02 0.86 374.16 
44 1,306.13 631.30 674.83 0.71 674.12 
45 1,626.14 852.32 773.82 2.87 770.95 
46 3,564.81 1,762.78 1,802.03 5.96 1,796.07 
47 2,181.75 1,171.58 1,010.17 3.83 1,006.34 
48 450.49 250.87 199.62 0.59 199.03 
49 4,026.22 2,087.33 1,938.89 2.14 1,936.75 
50 3,756.43 1,531.26 2,225.17 2.19 2,222.98 
51 736.53 304.08 432.45 0.33 432.12 
52 665.04 448.21 216.83 0.92 215.91 
53 
— — 
— 6.96 -6.96 
Totals 147,761.45 77,031.01 70,730.44 185.63 70,544.81 
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ignore the existence of fixed costs. That is, the figures 
presented merely reflect variable costs of production; hence, 
they cannot be interpreted as representing the total costs of 
production or profit from the crops. Also, for tenant-
operated farms, estimates are presented for the farm firms 
and, thus, include costs contributed by and revenues accruing 
to both the landlord and tenant. 
To illustrate the derivation of the figures contained in 
Table 14, the procedures used in estimating them for operating 
units 12 and 44, previously cited as areas of full and limited 
predevelopment information respectively, are presented. Pro­
cedures identical to those demonstrated for operating unit 12 
were followed for all areas of full predevelopment information. 
Estimates for all areas of limited predevelopment information 
reflect the use of procedures identical to those demonstrated 
for operating unit 44. 
Estimating procedure for areas 
of full predevelopment Information 
Referring to Figure 6, field 1 of operating unit 12 con­
sists of 51.8 acres distributed among 14 separate homogeneous 
land units, all exhibiting the same 1953-19 57 crop sequence, 
applied conservation practices and level of fertilizer appli­
cation, but differing from contiguous units in the same field 
with respect to either soil type, slope or antecedent erosion 
(Table 15). The initial step in estimating predevelopment net 
Table 15. Physical and management data applicable to homogeneous land units 


















298 6.2 Monona 11 moderate MMCCO none Fl,55 
299 0.6 Marshall 3 slight MMOCO none f1,55 
500 1.7 Monona 7 moderate MMCCO none *1 55 
302 15.0 UDCc 3 none MMCCO none ?1 55 
303 15.3 Monona 11 moderate MMCCO none Fl:55 
304 3.0 Monona 11 severe MMCCO none Fl, 55 
305 0.6 Monona 11 severe MMCCO none Fl 55 
320 0.5 Monona 11 moderate MMCCO none F1 55 
324 2.8 Monona 11 moderate MMCCO none Fl 55 
333 1.0 Monona 15 severe MMCCO none Fl:55 
352 0.3 Marshall 3 slight MMCCO none f1,55 
353 0.6 Monona 7 moderate MMCCO none Fl, 55 
361 2.3 UDCc 3 none MMCCO none F l |55 
1898 1.9 Monona 11 severe MMCCO none Fl, 55 
aM = meadow, C = corn, and 0 = oats. 
bCoded. ^1,55 indicates a rate of fertilizer application approximating the 
recommended rate for the first year corn grown in 1955. 
CA composite soil mapped as an upland drainge complex. 
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revenue from field 1 was to determine the amount of production 
of various crops grown during the period 1953-19 57. This was 
accomplished by estimating the production on each land unit, 
the level of production on each land unit being dependent upon 
the particular combination of applicable physical and manage­
ment factors. Production from the entire field was obtained 
by weighting the production from each land unit by their re­
spective acres. 
In Table 16 are shown estimated yields for crops grown 
on each of the land units during the predevelopment period. 
These yields are either taken directly or interpolated from 
Table 31 and reflect the unique combination of physical con­
ditions and management practices prevailing on each unit as 
shown in Table 15. Yield estimates would have been slightly 
different had any of the factors affecting productivity been 
changed. For example, yield estimates for units 298 and 303 
were the same since physical and management characteristics 
applicable to both land units were identical. Estimated 
yields for unit 300, however, were higher for each crop, 
this increase being attributable to a lesser slope and conse­
quent greater productivity. All of the variation in estimated 
yields shown in Table 16 was attributable to differences in 
physical attirubtes of the land units since management prac­
tices on all were identical. Estimated average per acre 
yields for field 1 are shown in the last row of Table 16. 
Table 16. Estimated yields of crops grown during the predevelopment period on 
homogeneous land units comprising field 1 of operating unit 12 
Homogeneous 
land unit Acres Estimated per acre yields 
number in unit 1953 1954 1955 1956 1957 
( tons ( tons (bushels (bushels (bushels 
of hay) of hay) of corn) of corn) of oats) 
298 6.2 1.8 1.8 46 30 20 
299 0.6 2.0 1.8 68 58 35 
300 1.7 2.2 2.2 60 50 34 
302 15.0 2.5 2.5 70 55 38 
303 15.3 1.8 1.8 46 30 20 
304 3.0 1.8 1.8 46 30 20 
305 0.6 1.8 1.8 46 30 20 
320 0.5 1.8 1.8 46 30 20 
324 2.8 1.8 1.8 46 30 20 
333 1.0 1.8 . 1.8 40 25 17 
352 0.3 2.0 1.8 68 58 35 
353 0.6 2.2 2.2 60 50 34 
361 2.3 2.5 2.5 70 55 38 
1898 1.9 1.8 1.8 46 30 20 
Weighted average 
field yield 2.06 2.05 54.90 39.63 26.84 
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Commodity prices and production costs listed in Tables 
32 and 33 were used to estimate gross crop revenues, associ­
ated production costs, and net crop revenues for each pre­
development year. Table 17 shows the derivation of these 
revenues and costs for field 1 of operating unit 12. A 
simple average of the 5 years represents estimated annual 
revenues and costs accruing to predevelopment resource use. 
One cost item not included in Table 17 or entering into 
the computation of predevelopment net crop revenue from field 
1 was considered as a constituent element of production costs 
on some land units. For those land units terraced by 1957, 
annual terrace maintenance costs were computed and included 
with production costs. The magnitude of terrace maintenance 
costs for any land unit was again dependent upon physical 
characteristics and management practices applicable to the 
land unit. The method of estimating terrace maintenance 
requirements and the costs associated with various combina­
tions of soils, slopes and crop sequences are given in Table 
36. 
Predevelopment net crop revenues accruing to the water­
shed portions of operating units were obtained merely by 
totaling the separate estimates for watershed portions of 
individual fields. With reference to Figure 6, 12 separate 
fields were delineated on the watershed portion of operating 
unit 12- Crop revenue and production cost estimates were 
Table 17. Annual predevelopment revenues and.associated production costs 

















(tons or (dollars/ton 
(dollars) (dollars) ( do liars) (dollars) bushels) or bushel) 
Hay (1953) 106.71 11.00 1,173.81 24.36 1,261.85 . -88.04 
Hay (19 54) 106.19 11.00 1,168.09 21.83 1,130.79 37.30 
Corn (1955) 2,843.82 1.20 3,412.58 26.67 1,381.51 2,031.07 
Corn (1956) 2,052.83 1.20 2,463.40 20.25- 1,048.95 1,414.45 
Oats (1957) 1,390.31 0.64 889.80 14.45 748.51 141.29 
Average annual revenues 
and proauctio n costsg 1,821.54 1,114.32 707.22 
aField yield (Table 16) x 51.8. 
bFrom Table 32. 
cTotal production x price. 
^Computed from production cost data in Table 33. 
ePer acre production costs x 51.8. 
I Gross value of crop minus total variable production costs. 
SThe sum of the entries for 5 years/5. 
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not applicable for fields 2, 7, 8 and 11 since the first 
three are wooded areas unsuited for cultivation and the latter 
is the farmstead location. The remaining eight fields, how­
ever, during the predevelopment period were devoted to crops. 
Revenues and associated production costs were computed for 
each by the method demonstrated for field 1 (Table 18), the 
totals of the estimates for all fields representing the values 
for operating unit 12 found in Table 14. 
Estimating procedure for areas 
of limited predevelopment information 
Crop revenues and associated production costs for land 
units of limited predevelopment information were estimated as 
the average predevelopment revenues and costs accruing to the 
composite of crops specified for the land unit. Thus, these 
estimates reflect the 5-year average revenues and costs 
realized from crop production on all land units of identical 
physical characteristics; implicitly, they also reflect the 
"average" management,practices. The method of estimating crop 
revenues and costs applicable to areas of limited predevelop­
ment information is illustrated for operating unit 44. 
Figure 7 shows the delineation of operating unit 44 into 
homogeneous land units differentiated only with respect to 
physical data since management data were unavailable. The 
/ 
watershed portion of this operating unit (in Figure 7, that 
portion above the heavy broken line) consists of 18 physically 
Table 18. Average annual revenues and associated production costs by field for 
watershed portion of operating unit 12 
Field 




production costs Net crop revenue 
(dollars) (dollars) (dollars) 
1 51.8 1,821.54* 1,114.32s 707.22& 
2b 2.7 — — — — — — 
3 29.7 963.68 351.12 612.56 
4 19.2 815.98 292.86 523.12 
5 39.1 1,508.84 864.86 643.98 
6 9.0 228.14 217.56 10.58 
7% 2.5 — ~ — — 
8 4.7 • — — — — 
9 1.8 10. 71 8.26 2.45 
10 2.1 12.50 9.60 2.90 
11° 3.0 tmm mm mm» — 
12 2. 5 14.88 11.42 3.46 
Totals 168.1 5,376.27 2,870.00 2,506.27 
^Transferred from Table 17. 
^Wooded areas unsuited for cultivation. 
cFar instead. 
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homogeneous land units, all but two (numbers 1456 and 1457) 
suited for tillage. By disregarding noncontiguity, the 16 
cropland units were consolidated into nine areas, each 
homogeneous within itself but unique from every other area 
with respect to at least one physical attribute. 
In Table 19 are shown the physical characteristics of 
the consolidated land units, their acreages and assigned com­
posite revenues and costs. Composite revenues and costs re­
flect composite land uses, and average yields and production 
costs on all land units of identical physical characteristics 
for which full predevelopment data were obtained. That is, 
for example, the $25.84 annual gross value of crops assigned 
to the Monona, 11 percent slope, moderately eroded soils with 
no conservation practices reflects a composite land use of 
39.11 percent corn, 11.41 percent oats, 43.81 percent meadow, 
1.06 percent milo, 1.36 percent wheat, 0.38 percent sorghum, 
0.77 percent soybeans, and 2.10 percent soil bank, this being-
the 1953-1957 average distribution of crops on 780.4 acres of 
Monona, 11 percent slope, moderately eroded soils for which 
full predevelopment data were available. Yields for each of 
these crops were the computed average yields from the crops 
grown on the 780.4 acres of similar soils. These yields, of 
course, reflect crop sequences actually followed during the 
predevelopment period and actual applied levels of fertiliza­
tion. Likewise, production costs are based on the same 
Table 19. Physical data and composite revenues and costs applicable to homogeneous 
cropland units comprising the watershed portion of operating unit 44 
Per acre composite annual 
Physical data crop revenues and costs 
Soils Total 
Acres Ante- Conser- Gross variable Net 
in Percent cedent vation value production crop 
units Type slope erosion practices of crops costs revenue 
(dollars) (dollars) (dollars) 
1454, 1468 3. 5 Monona 11 moderate none 25.84 14.55 11 .29 
1455, 1459, 1463 6. 9 Monona 15 severe none 21.75 14.91 6 .84 
1458 0. 3 UDCa 3 none none 36.35 14.66 21 .69 
1460, 1464 11. 2 Monona 11 moderate terraced 27.78 14.24 13 .54 
1461 0. 4 Monona 15 severe terraced 17.01 9.39 7 .62 
1462, 1465 9. 0 Monona 7 moderate terraced 38.40 16.28 22 .12 
1466, 1467, 1471 7. 1 Marshall 3 slight terraced 38.87 15.71 23 .16 
1469 1. 6 Monona 7. moderate none 31.17 15.20 15 .97 




aA composite soil mapped as an upland drainage complex. 
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average yields for the various crops and include an appro­
priate charge for fertilizer. Prices and production costs 
used in deriving-the composite estimates were those listed 
in Tables 32 and 33. 
Annual gross crop values, total variable production costs 
and net crop revenues were computed for each of the nine con­
solidated land units merely by multiplying the acres in each 
of the consolidated land units by the appropriate composite 
revenue or cost estimate. For example, the annual gross value 
of crops produced on units 1454 and 1468 was obtained merely 
by multiplying the area encompassed by the two land units (3.5 
acres) by the per acre composite gross value of crops ($25.84 
shown in Table 19) . Table 20 shows the annual revenues and 
costs so computed for the nine physically alike consolidated 
land units making up operating unit 44. The sums of the 
separate estimates for consolidated land units shown in the 
last row of Table 20 are the annual crop revenue and cost 
estimates given for operating unit 44 in Table 14. 
Predevelopment Annual Net Returns 
for 28 Farm Firms 
For use in illustrating possible implications of confin­
ing the areal scope of watershed planning within hydrologic-
ally defined bounds, predevelopment net returns were estimated 
for the 28 farm firms planned for optimal organizations by 
Andersen et_ al. (1). These 28 farms represent the watershed 
Table 20. Estimated annual revenues and costs for consolidated land units, 
operating unit 44 
Homogeneous land Gross value ' Total variable • Net crop 
unit numbers Acres in units of crops production costs revenue 
(dollars) ( dollars) ( dollars 
1454,1468 3.5 90.44 50.92 39.52 
1455,1459,1463 6.9 150.07 102-88 47.19 
1458 0.3 10.91 4.40 6.51 
1460,1464 11.2 311.14 159.49 151.65 
1461 0.4 6.80 3.76 3.04 
1462,1465 9.0 345.60 146.51 199.09 
1466,1467,1471 7.1 275.98 111.54 164.44 
1469 1.6 49.87 24.33 25.54 
1470 1.6 65.31 27.47 37.84 
Totals 1,306.12 631.30 674.83 
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operating units for which the most complete predevelopment 
information was acquired. In total, they embraced 5,531.6 
acres of which 3,919.1 were located in the Spring Valley Creek 
Watershed. 
Net revenues and net returns for these farm firms are 
listed in Table 21. It is important to emphasize that these 
figures represent the average annual predevelopment revenues 
from crop and livestock production by the firms and, thus, 
include production from the nonwatershed as well as the water­
shed portions of the firms. However, the net return estimates 
account for only the hydrologie damages attributable to the 
portions.of operating units within the Spring Valley Creek 
Watershed. 
In developing these estimates procedures previously out­
lined for areas of full predevelopment information were used 
to specify the amounts of various crops annually produced on 
each farm. Livestock systems, as determined by field surveys, 
were then imposed upon the farms. By comparing feed require­
ments of livestock enterprises (shown in Table 34) with feeds 
annually produced, the amounts of feeds available for sale, 
or the amounts necessarily purchased to support the livestock 
enterprises, were determined. In computing the costs of pro­
ducing crops andxlivestock and in placing a value on commod­
ities sold, prices and costs given in Tables 32, 33 and 34 
were employed. 
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Table 21. Annual net revenues and net returns for 28 farm 





















(acres) ( acres)" (do liars) (dollars) 
1 259.3 109.5 6,049.25 6,042-38 
2 253.8 20.0 4,728.76 4,727.94 
8 202.6 202.6 3,299.22 3,288.37 
11 347.0 _ 231.0 8,769.03 8,762.16 
12 187.8 168.1 3,286.52 3,280.58 
13 159.4 159.4 3,148.75 3,142.33 
15 301.9 72.1 7,541.54 7,541.08 
16 249.5 249.5 4,390.52 4,380.67 
17 316.2 316.2 8,892.84 8,883.50 
20 168.8 55.8 4,736.68 4,736.68 
21 107.5 87.8 2,332.64 2,328.84 
23 173.2 173.2 5,821.04 5,811.19 
24 175.7 175.7 3,778.40 3,768.76 
26 170.1 41.2 3,772.67 3,771.17 
28 233.8 233.8 11,107.57 11,105.14 
29 160.4 160.4 3,665.67 3,661.88 
30 188.2 188.2 4,287.25 4,279.56 
31 195.0 193.7 3,404.66 3,394.95 
33 192.3 54.0 6,671.04 6,670.73 
35 295.6 222.2 5,045.52 5,038.41 
36 247.1 208.7 6,199.60 6,192.19 
39 205.6 119.2 5,621.40 5,618.52 
40 158.8 54.6 7,494.86 7,493.10 
41 117.1 117.1 3,337.45 3,334.94 
42 80.9 39.1 1,782.04 1,780.38 
46 148.7 148.7 1,802.03 1,796.07 
50 145.0 86.5 5,076.21 5,074.02 
52 90.3 30.8 2,223.38 2,222.46 
Totals 5,531.6 3,919.1 138, 266.54 138,128.00 
^Computed as entry 
in column 6, Table 13. 
in column 5 of this table minus entry 
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ALTERNATIVE FARM PLANS AND 
ASSOCIATED HYDRQLOGIC DAMAGES 
As previously mentioned, individually optimal farm plans 
for operating units in the Spring Valley Creek Watershed were 
developed in a concurrent research activity by Andersen _et 
al. (l). The results of this research were taken as data 
for the study reported herein. Although the results of the 
concurrent research are reported in detail elsewhere (1), a 
restatement of the principal restrictions, activities and 
assumptions used in developing the individual farm optima 
seems essential for clarity of the subsequent analysis. 
Elements of Programs 
Resource restrictions 
Capital restrictions The use of variable resource 
programming, where capital was the varied resource, permitted 
the specification of optimal plans over a wide range of cap­
ital availability. Hydrologie consequences of adoption of 
optimal farm plans were appraised for only two selected levels 
of capital use: (a) an amount identical to the average 
amount annually used by each farm operator during the pre­
development period, and (b) an amount sufficient so that the 
returns to the last increment used approximated 5 percent 
which was considered to be an appropriate opportunity cost for 
capital. For all farms, the relevant capital restriction was 
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that of the operator. 
Land restrictions For purposes of farm planning, indi­
vidually mapped soil units were placed into one of 11 descrip­
tive soils groups, the individual units evidencing productive 
capabilities similar to the soils groups within which they 
were placed. For example, Monona soils with an 11 percent 
slope and slightly eroded, were not differentiated from Monona 
soils with the same slope but moderately eroded; both were 
treated as moderately eroded. Individually mapped soil units 
included in each of the descriptive groups ere shown in Table 
37. Six additional soils groups not shown in Table 37 were 
obtained by classifying each of the upland soils groups as 
terraced or unterraced. Thus, there were a maximum possible 
17 land restrictions for each operating unit, these restric­
tions being the acres of tillable land described by each of 
the terraced or unterraced soils groups. Actually, land 
restrictions for any operating unit ranged from three to 10 
since none of the units had such diverse soils that they were 
differentiated into more than 10 groups. 
Individually mapped soil units were aggregated into 
descriptive soils groups to lessen the computational task 
by reducing the number of land restrictions for each operat­
ing unit. To provide for realistic sizes of fields, in some 
instances soils were further aggregated. Any soils group of 
less than three acres was considered as a part of a dominant, 
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and insofar as possible, similar, soils group. Hence, the 
minimum size of any field was limited to three acres. 
Labor restrictions In general, labor was restricted 
seasonally to family labor available on each operating unit 
in 1957. On five farms employing hired labor during the pre­
development period, labor hiring was permitted at a charge of 
one dollar per hour. 
Building restrictions Alternative livestock enter­
prises were limited in size by capacities of buildings exist­
ing on each operating unit in 1957. 
Alternative crop and livestock activities 
Crop activities Initially, five crop sequences either 
unterraced or terraced and unfertilized or fertilized at the 
recommended rate were considered as potentially feasible crop 
activities for each unterraced soils group. Since existing 
terraces were treated as fixed, the unterraced alternative 
was precluded for terraced soils groups. Thus, at the outset, 
20 alternative crop activities were potentially feasible for 
unterraced soils groups versus 10 for terraced soils groups. 
Many of these activities were eliminated prior to program­
ming, because they failed to meet criteria designed to select 
only the more desirable alternatives. 
One criterion which eliminated many of the potentially 
feasible crop activities on upland soils was that no activity 
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could result in an annual rate of soil loss of more than five 
tons per acre. This criterion virtually eliminated unter­
raced activities on all upland soils groups and severely 
restricted the intensity of crop rotations on slopes in 
excess of 9 percent.^ 
Terracing was not permitted on soils mapped as an Upland 
Drainage Complex and on bottomland soils, reducing to 10 the 
number of applicable crop activities for these soils groups. 
On bottomland soils, the further condition was enforced that 
crop sequences must include at least 50 percent corn. This 
condition eliminated from the programming analysis the COM 
^Since this criterion eliminated so many crop activities 
that would have been in the programs had associated rates of 
soil loss been disregarded, it was deemed desirable to acquire 
some knowledge about the probable effects on achievable net 
revenues of limiting alternative crop activities to those 
producing less than five tons per acre of soil loss annually. 
Optimal farm plans under varied rates of soil loss at the pre­
development and 5 percent marginal return levels of capital 
use were programmed for operating unit 30, a fairly typical 
operating unit with respect to the amount and quality of 
resources available. Optimal plans and associated net rev­
enues were specified over a continuum of average annual up­
land soil losses ranging from less than one to 64 tons per 
acre. For the predevelopment level of capital use, maximum 
net revenue was.associated with an average annual upland soil 
loss of 6.1 tons per acre. The higher level of capital use 
yielded an average annual soil loss of 4.9 tons per acre 
associated with the net revenue-maximizing plan. These re­
sults apply to a particular complex of resources on a single 
operating unit and, thus, may be generalized only with ex­
treme caution. They do, however, constitute some evidence 
that restricting permissible crop activities to those yield­
ing less than five tons per acre annual soil loss may not 
have resulted in farm plans greatly different than those 
which would have resulted had the criterion not been imposed. 
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crop sequence on all bottomland soils. 
Alternative crop activities surviving the imposed cri­
teria and consequently included in the programming analysis 
are shown for each of the soils groups in Table 38. 
Livestock activities Twelve alternative livestock 
enterprises were treated as separate activities in the pro­
grams. These enterprises, ail common in Southwest Iowa, in­
cluded two hog raising enterprises, two dairy systems, two 
calf and three yearling feeding enterprises, a poultry laying 
flock, a farm flock of sheep and a beef cow enterprise. Brief 
descriptions of livestock enterprises are given in Appendix B, 
pages 228 to 230. 
Commodity prices and production coefficients 
Commodity prices Prices of commodities were based on 
historical price relationships, the price of every commodity 
being adjusted by use of the following formula to a $1.20 per 
bushel selling price for corn: 
Commodity price = commodity historical average price x $1>20 
corn historical average price 
Three different time periods were used for determining 
historical price relationships. The relevant historical 
period for crops was the 5-year period 1953-1957. Too, 
butterfat, milk, egg and lamb average prices reflected the 
same period. To embrace cyclical price movements, average 
hog and cattle prices were determined for the periods 1947-1957 
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and 1935-1957, respectively. 
All prices employed in the programs were identical to 
those used in computing net revenues and returns .accruing to 
predevelopment management systems. These prices are listed 
in Table 32 -
Production coefficients Input-output relationships 
were based on "average efficiency" and were the same for all 
farms'. Production costs reflected approximately the 1957 
price level. Again, input-output relationships and production 
costs were identical, to those underlying computations of pre­
development net revenues and returns. Relevant data are in­
cluded in Tables 31, 33, 34, 35, and 36 
^Some clarification of the handling of terrace construc­
tion costs is necessary. In the farm planning phase of study 
preceding this analysis, only the farmer's share of the cost 
of constructing terraces was included as a claimant on cap­
ital, terraces were not maintained, and construction costs 
were prorated annually over assumed planning horizons of four 
years for tenants and 20 years for owner-operators. This 
procedure was considered unsatisfactory for hydrologie 
analysis since a constant effectiveness of terraces as water-
management devices over a 50-year period was necessary. To 
provide for this, additional terrace requirements specified 
by the plans for each operating unit were determined, total 
annual prorated costs deducted from annual production costs, 
and the farmer's share of annual equivalent construction 
costs (based on a 50-year planning horizon) and annual main­
tenance costs added. It is recognized that, in general, this 
procedure is not advisable since annual terrace costs actually 
credited are not exactly identical to those used in deriving 
net revenue-maximizing plans. However, this adjustment 
appeared to be the best way of providing for constant effi­
ciency of terraces, and some credence for use of the procedure 
is gained from the observation that the net revenue of any 
operating unit could be only slightly affected. 
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Watershed Land Use and Treatment 
Specified by Alternative Farm Plans 
Of the 4,542.8 acres of cropland within the watershed, 
3,419.4 acres or slightly over three-fourths were included in 
operating units which were programmed for net-revenue maximiz­
ing plans. Insufficient information relative to resource 
availability precluded the programming of some watershed 
operating units and necessitated approximation of land treat­
ment and use which would have been specified for the watershed 
portions of these units, had adequate data for programming 
been available. The procedure used for approximating land 
use, treatment measures and annual net crop revenues for 
nonprogrammed watershed areas, essentially followed the pro­
cedure previously elaborated for approximating predevelopment 
land use and associated revenues for areas of limited pre­
development information. 
For any nonprogrammed area, land use, treatment measures 
and annual crop costs and revenues were specified as being 
composites of the averages for all identical watershed soils 
groups included in the programming analysis. Having specified 
these items for each of the several descriptive soils groups 
comprising nonprogrammed operating units, it was possible 
to estimate annual crop costs, revenues and runoff contribu­
tions likely associated with optimal farm plans for these 
units. 
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This procedure for approximating the nature of some 
hydrologie variables and annual crop production costs and 
revenues on nonprogrammed operating units is severely defi­
cient . First, the procedure is based on the premise that 
soils characteristics are the only determinants of land use 
and treatment measures associated with optimal resource allo­
cation; this, of course, is not a valid premise even though 
soils characteristics may be important determinants. Second­
ly, land use and treatment measures specified for any non-
programmed operating unit are not derived from the actual 
nonland resources available to the unit. Rather, they 
approximately reflect a bundle of resources approaching the 
average amounts available to all programmed operating units. 
The procedure was employed in spite of these recognized 
shortcomings since no alternative feasible procedure promised 
to be less objectionable. Some credence for its use is gained 
from the observation that on soils of similar characteristics 
rotations and land-treatment measures were quite uniform among 
programmed operating units. 
Terrace requirements of optimal farm plans 
The restriction of feasible crop activities to those 
combinations of crop sequences and land treatment measures 
producing less than five tons of soil loss annually, in 
effect, forced programming solutions specifying substantial 
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terracing of upland soils. With the exception of the descrip­
tive soils group, Marshall of 3 percent slope and slightly 
eroded, on upland soils the only alternative to crop activ­
ities including terraces was nonuse of the land. 
Table 22 presents by slope groupings, terraces specified 
in the watershed by individually optimal farm plans reflect­
ing two levels of operating capital use. Whereas, only 37.4 
percent of tillable upland soils were terraced in 1957, 
optimal farm plans based on predevelopment capital use 
specified 89.5 percent of these soils as terraced. When the 
capital restriction for each farm operator was relaxed so 
that capital availability was limited only by a 5 percent 
opportunity cost, terraces were specified on 57.8 additional 
acres, increasing to 91.0 percent the proportion of these 
soils terraced. 
Virtually all (99.6 percent) of the tillable cropland of 
less than 9 percent slope would be terraced if operating units 
were optimally reorganized with predevelopment capital- One 
hundred percent of this cropland would be terraced at the 
higher level of capital availability. Although the amount 
of terraces specified for the steeper slopes increased as 
capital availability was increased, it is significant to note 
that some (11.9 percent) of the cropland within the 9.0-13.9 
percent slope range and more than half (58.6 percent) within 
the 14.0-17.9 percent slope range would not be terraced even 
Table 22. Terrace requirements within slope groupings on tillable, upland soils 
specified by two sets of optimal farm plans compared with the amount 
installed by 1957, Spring Valley Greek Watershed 


















2.0- 4.9 696.6 68.7 1,010.1 99.7 1,013.2 100.0 
5.0- 8.9 220.0 31.7 689.5 99.4 693.7 100.0 
9.0-13.9 439.6 24.6 1,559.9 87.2 1,576.4 88.1 
14.0-17.9 28.8 14.2 51.9 25.6 83.9 41.4 
All 
terraceable 
slopes 1,385.0 37.4 3,311.4 89.5 3,367.2 91.0 
^Optimal plans A reflect a level of operating capital use by each farm 
operator identical to the average amount annually used during the predevelopment 
period. 
^Optimal plans B reflect a level of operating capital use by each farm 
operator sufficient so that the returns to the last increment used was 5 percent. 
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at the high level of capital availability. Since feasible 
crop activities on these slopes were limited to those includ­
ing terraces, unterraced areas would remain idle. Specifica­
tion of idle acres in optimal farm plans arises either because' 
an alternative use of a limiting resource exists that is more 
profitable than using the resource in crop production on these 
acres, or in the case of the high level of capital availabil­
ity and nonrestricting noncapital resources, cropping the idle 
land would yield less than a 5 percent return on operating 
capital. 
Adoption of optimal farm plans restricting capital to 
that amount annually used by each farm operator during the 
predevelopment period would require the construction of 
1,001,377 additional linear feet of terraces in the water­
shed. If capital available to farm operators was restricted 
only by a 5 percent opportunity cost, adoption of optimal 
farm plans would require the construction of 1,033,478 addi­
tional linear feet of terraces. Additional terrace require­
ments specified by both sets of optimal farm plans and con­
struction and maintenance costs are detailed for each oper­
ating unit in Appendix C, Tables 39 and 40. 
Fertilizer requirements of optimal farm plans 
For both sets of optimal farm plans, only in a few in­
stances were soils specified as cropped but not fertilized. 
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Whereas, in the aggregate, farm operators applied approxi­
mately 10 percent of the recommended amount of fertilizer 
during the predevelopment period, approximately 90 percent of 
this amount would be required if either set of optimal plans 
were adopted. 
Watershed land use specified 
by optimal farm plans 
Both sets of optimal farm plans indicated substantial 
changes in the pattern of land use from that which prevailed 
during the predevelopment period. The comparative average 
annual uses of land by descriptive soils groups for the pre­
development period and for the two sets of optimal plans are 
shown in Table 23. 
For the watershed as a whole, both sets of optimal farm 
plans indicated more row crop and less meadow than had been 
grown during the predevelopment period. Whereas, 44.4 per­
cent of the tillable cropland acres were annually in row crop 
and 43.0 percent annually devoted to meadow during the pre­
development period, the set of optimal plans based on pre­
development capital availability specified 70.3 percent in 
row crop and only 10.5 percent in meadow. In general, as 
available capital was increased for each farm operator, live­
stock enterprises were added or expanded. Hence, the set of 
farm plans reflecting the higher level of capital availabil­
ity specified slightly less row crop and slightly more meadow 
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Table 23» Comparative animal use of tillable land within soils groups for 
Spring Valley Creek Watershed 
Soils groups and plansc 
Row crop 
Percent of 
Acres soils group 
Marshall, 3 percent slope, 
Predevelopment period 
Optimal plans A" 








Monona, 7 percent slope, moderate erosion 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Monona, 11 percent slope, moderate erosion 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Monona, 15 percent slope, severe erosion 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Monona, 11 percent slope, severe erosion 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Ida, 11 percent slope, moderate erosion 
Predevelopment period 
Optimal plans A 































aThe various soils included in each of the listed soils groups are shj 
• ^Optimal .plans A reflect a level of operating capital use by each fan 
during the predevelopment period. 
^Optimal plans B reflect a level of operating capital use by each far 
increment used was 5 percent. 
ps for the predevelopment period and two sets of optimal farm plans, 
Small grain Meadow Idle 
Percent of Percent of Percent of 
Acres soils groups Acres soils group Acres soils group 
148.7 111.7 375.2 37.0 0.0 0.0 
2.6 0.3 3.3 0.3 3.1 0.3 
7.7 0.8 9.8 1.0 0.0 0.0 
94.6 13.7 277.2 40.2 0.0 0.0 
20.2 2.9 32.3 4.7 4.2 0.6 
35.5 5.1 52.2 7.6 0.0 0.0 
198.8 12.6 741.2 46.9 0.0 0.0 
351.2 22.2 378.1 23.9 174.4 11.1 
358.6 22.7 408.4 25.9 144.7 9.2 
36.7 19.1 80.7 41.9 0.0 0.0 
4.0 2.1 4.0 2.1 168.5 87.6 
12.3 6.4 10.3 5.4 . 146.0 75.9 
43.6 23.4 52.7 28.2 0.0 0.0 
33.5 17.9 33.7 18.0 53.3 28.4 
32.2 17.2 40.6 21.7 58.4 31.2 
6.4 17.2 15.0 40.0 0.0 0.0 
5.6 14.9 8.9 23.6 15.2 40.4 
5.8 15.5 9.8 26.1. 14.2 38.0 
are shown in Table 37• 
ach farm operator identical to the average amount annually used 
ach farm operator sufficient so that the returns to the last 
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Table 23. (Continued) 





UDC, 3 percent slope, no erosion 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Kennebec, 1 percent slope, overwash 
Predevelopment period 
Optimal plans À 
Optimal plans B 
Colo, 1 percent slope, overwash 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Zook, 1 percent slope, overwash 
Predevelopment period 
Optimal plans.A 
Optimal plans B 
Nodaway, 1 percent slope, no erosion 
Predevelopment period 
Optimal plans A 
Optimal plans B 
Madeland 
Predevelopment period 
Optimal plans A 
Optimal plans B 
All soils groups 
Predevelopment period 
Optimal plans A 
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to satisfy the additional forage requirements of the in­
creased livestock enterprises. 
It was previously noted that during the predevelopment 
period, steeply sloping upland soils were cropped at approxi­
mately the same intensity as moderately sloping upland and 
nonupland soils. If optimal farm plans were adopted in the 
watershed, moderately sloping upland and nonupland soils 
would be devoted to, high frequency row crop rotations. Most 
of the forage requirements would be produced on the steeper 
upland slopes and many of the steeper slopes would be left 
idle. 
At the predevelopment level of capital use, aggregated 
optimal farm plans indicated that 96 percent of the upland 
soils with less than 9 percent slopes would be in row crop as 
compared with a row crop intensity of 47.4 percent on the 
same soils during the predevelopment period. Meadow would 
be virtually excluded from rotations on these soils, whereas, 
during the predevelopment period 38.3 percent of the soils 
annually were devoted to meadow. Increased capital avail­
ability resulted in farm plans indicating, in the aggregate, 
slightly less row crop and slightly more meadow on moderately 
sloping upland soils than specified by plans formulated with 
reference to predevelopment capital. 
Changes in land use indicated by optimal farm plans were 
less pronounced on soils with slopes of 9 percent or greater. 
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On these soils, row crop would be decreased from a frequency 
of about 41 percent during the predevelopment period to 
approximately 38 percent if either set of optimal plans were 
adopted. Rotation meadow would occupy about one-half as much 
of these slopes as was the case during the predevelopment 
period. Roughly 20 percent of the more steeply sloped soils 
would remain idle if optimal farm plans were adopted. 
During the predevelopment period, nonupland soils were 
cropped to 48.7 percent meadow and 46.0 percent row crop, the 
remainder of these soils being in small grains. Optimal farm 
plans indicated greatly increased frequencies of row crop on 
these soils. If either set of optimal plans were adopted, 
more than 90 percent of these soils annually would be devoted 
to row crop. 
Aggregate Enterprise Adjustments Specified by 
Alternative Plans for 28 Farm Firms 
The preceding section presented estimated land use and 
treatment measures which would exist within the Spring Valley 
Greek Watershed if each operating unit adopted an individual 
optimal plan. Although the land use and treatment measures 
specified implicitly reflect the existence of livestock enter­
prises on nonprogrammed operating units as well as those pro­
grammed, it was not practical to estimate changes in livestock 
enterprises which would be associated with optimal plans on 
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nonprogrammed units from changes observed in the optimal 
plans of those programmed. To illustrate the probable nature 
of changes in livestock enterprises accompanying the adoption 
of optimal farm plans in the watershed and to provide data 
underlying the costs and returns information in Tables 21 and 
29, the aggregate crop acreages and livestock numbers during 
the predevelopment period and specified by the two sets of 
optimal plans for 28 farm firms are presented in Table 24. 
Average annual livestock numbers on the 28 programmed 
operating units during the predevelopment period were deter­
mined by field surveys and are shown in the first row of the 
right-hand section of Table 24. It may be noted from Table 
24 that during the predevelopment period 10 different live­
stock enterprises were included in the organizations of the 
28 farms. Aggregated optimal farm plans formulated with 
reference to predevelopment capital use included only four 
different livestock enterprises. Optimal plans requiring 
more capital, reduced this number to three. 
In addition to indicating fewer types of livestock enter­
prises than existed during the predevelopment period, aggre­
gated optimal farm plans based on predevelopment capital use 
also suggest a. small decrease in livestock numbers. Total 
hog litters farrowed annually would be reduced from 516 to 
488. Dairy cows would be reduced in number from 99 to six, 
the six remaining in the optimal plans being used for grade A 
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Table 2h> Aggregate crop acreages and livestock numbers during the predevelopment pi 
Crops 
Farm plan Corn Oats Meadow Soybeans Sorghum Soil bank Idle 
(acres) (acres) (acres) (acres) (acres) (acres) (acres) 
Predevelopment 
period 2,216.7 601.3 1,718.8 68.3 176.0 125.il . 3.1 
Optimal plans Ab 2,587.1 1*86.0 515.1 891.3 0 0 1)33.1 
Optimal plans B° 2,807.8 571.1 651).. 1 537.2 0 0 31)2 .h 
aSoùrce: Andersen et al. (l). 
^Optimal plans A reflect a level of operating capital use by each farm, operator 
c0ptimal plans B reflect a level of operating capital use by each farm operator 



















steers Ewes Hens 
Beef Feeder 
cows pigs 
0 (litters) (litters) (head) (head) (head) (head) (head) (head) (head) (head) 
,1 361 155 JU-7 52 2?0 910 265 1,715 310 189 
,1 k88 0 0 6 831 0 0 2it2 d o 
.u #3 0 0 0 2,126 0 0 0 0 
rator identical to the average amount annually used during the predevelopment period, 
rator sufficient so that the return to the last increment used was 5 percent. 
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milk production. Whereas 1,180 head of cattle were fed 
annually during the predevelopment period, 831 head would be 
fed if optimal plans were adopted; the practice of feeding 
yearling steers would be abandoned and beef feeding enter­
prises restricted to calves. Laying flocks would be reduced 
from 1,745 hens to 242 hens. Ewe, beef cow and feeder pig 
enterprises would be terminated. 
If capital available to each of the 28 operating units 
was increased to the extent that its use would be limited 
only by the condition that at least a 5 percent marginal re­
turn be realized, beef cattle feeding in the aggregate would 
be substantially expanded over both the predevelopment and 
optimally planned more restrictive capital situations. . This 
was the principal livestock enterprise change indicated by 
increased capital availability in the aggregated optimal farm 
plans, although other enterprises also were affected. 
Changes in crop acreages, of course, accompanied changes 
in livestock enterprises dictated by optimal plans. As com­
pared with the predevelopment period, optimal- farm plans re­
flecting the predevelopment level of capital availability 
specified increased acreages of corn, soybeans and idle 
land, much less meadow, and no acreage in sorghum or the soil 
bank. The latter two crop activities were not included as 
programming activities. 
In comparison to the aggregated optimal plans based on 
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predevelopment capital use, optimal plans formulated with 
reference to the increased level of capital availability 
indicated additional acreage of corn, oats and meadow, and 
less acreage of soybeans and land left idle. Increased feed 
grain and forage production was necessitated by additional 
requirements of the expanded beef feeding enterprise made 
possible by the avallability of more operating capital. 
Hydrologie Damages Associated with Alternative 
Land Use and Treatment 
On-site flooding 
Possibilities of on-site flooding from overflow of the 
main stem of Spring Valley Creek were re-evaluated, assuming 
the existence of watershed land use and treatment measures 
specified by both sets of optimal farm plans. Again, on-site 
flooding possibilities were appraised by comparing estimated 
peak discharges from a continuum of different intensity and 
duration 1:50-year frequency storms with the computed capacity 
of the channel at its most probable point of overflow. Land 
use and treatment measures assumed associated with individual­
ly optimal plans were those presented in Tables 22 and 23. 
Comparative estimated peak discharges from 1:50-year 
storms of increasing duration are shown in Figure 8 for 
predevelopment and optimally planned management systems. 
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Figure 8. Comparative peak discharges uncorrected for the 
retention capacity of terraces, 1:50-year storms 
of increasing duration, predevelopment and 
optimally planned management systems, Spring 
Valley Creek Watershed 
126 
g 
for selected storms. Deviations of the computed points are 
due to inability to select from graphs the exact intensity 
value corresponding to a given rainfall duration. To safe­
guard against underestimating discharge peaks and to compen­
sate for possible wetter antecedent moisture conditions than 
those assumed in this analysis, curves from which can be esti­
mated peak- discharges associated with any duration storm were 
drawn to•envelope the maximum computed points. 
Referring to Figure 8, it may be noted that for both 
predevelopment and optimally planned management systems, the 
highest peak discharge producing 1:50-year storm is one of 
about 4 1/3 hours duration, which implies an intensity of 
0.92 inches per hour; also, that for a storm of any - duration, 
estimated peak flows are less for optimally planned manage­
ment systems than for predevelopment management systems. 
Whereas, for predevelopment management systems the maximum 
peak flow was estimated as about 3,250 cubic feet per second, 
it was estimated as approximately 3,120 cubic feet per second, 
assuming optimally planned management systems. Both estimates 
are well within the computed channel capacity of 3,915 cubic 
feet'per second and suggest that on-site flooding would not 
represent a hazard in either instance. 
• ^No distinction is made in Figure 8 between sets of 
optimal farm plans. Peak discharges estimated to be asso­
ciated with both 'sets were so similar that it was impossible 
to clearly differentiate between the two .in the figure. 
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To avoid problems associated with correcting peak flows 
for runoff stored by terraces (see footnote 5, page 65) and 
because it was possible to demonstrate the improbability of 
on-site flooding without making this correction, the peak 
flows shown in Figure 8 were not adjusted for the runoff 
retention capacity of terraces. Hence, both peak flow curves 
in Figure 8 are intentionally biased upward and actual flows 
likely would be less than those estimated- Too, since sub­
stantially more terraces were specified in each set of optimal 
plans than existed in 1957, the difference in actual peak 
flows between predevelopment and optimally planned management 
systems likely would be much greater than indicated in Figure 
8• The difference shown is attributable to practices such 
as contouring of row crops which are coincident with terrac­
ing - . The-runoff reducing effects of these practices more 
than compensate for the runoff increasing effects of higher 
intensity rotations as evidenced by the fact that peak flows 
estimated for optimally planned management systems were less 
than for predevelopment management systems, even though the 
runoff retention capacity of terraces was ignored. 
Although it is not possible to estimate accurately peak 
flows based on land use and treatment measures different than 
those prevailing during the period of stream gauge records, 
it is possible to estimate accurately volumes of runoff from 
a watershed under alternative management systems. In the 
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unique case where land use and treatment measures different 
from those existing during the period of stream gauge records, 
does not alter the time-concentration pattern of runoff indi­
cated by the stream gauge records, the effect of the change 
on peak flows is identically proportional to its effect on 
the volumes of runoff. Thus, if the very strong assumption 
is accepted that the time-concentration pattern of runoff is 
not altered by alternative land use and treatment measures, 
peak flows associated with each alternative set of plans may 
be approximated. 
Volumes of runoff from the Spring Valley Greek Watershed 
for a continuum of 1:50-year storms estimated for predevelop­
ment and optimal sets of farm plans are presented in Table 
25. These volumes credit terraces with an effective runoff 
retention capacity of 1.5 inches. On the assumptions pre­
viously stated, considering the retention capacity of ter­
races, flow from the maximum peak producing 1:50-year storm 
would approximate 2,440 cubic feet per second under predevel­
opment land use and treatment measures. Corresponding flow 
would approximate 1,140 cubic feet per second if optimal farm 
plans derived with reference to predevelopment capital use were 
adopted. Adoption of farm plans reflecting the higher level 
of capital availability would result In a flow of about 1,110 
cubic feet per second. 
Table 25. Comparative volumes of runoff from selected 1;50-year storms, 
predevelopment and optimally planned management systems, Spring 











(hours) (inches per hour) (acre-inches) (acre-inches) (acre-inches) 
2.0 1.70 4,390 2,060 2,000 
2.6 1.40 4,970 2,360 2,300 
3.0 1.25 5,240 2,470 2,410 
3.5 1.10 5,430 2,550 2,490 
4.0 0.96 5,430 2,550 2,490 
4.5 0.90 6,040 2,820 2,750 
5.5 0.75 6,450 3,120 3,050 
6 . 0  0.70 6,610 3,270 3,200 
7 . 0  0.63 7,400 4,160 4,090 
8 . 0  0.56 7,820 4,480 4,410 
9 . 0  0.50 7,870 4,530 . 4 , 4 6 0  
^Volumes of runoff figures assume an effective runoff retention capacity by 
all level terraces of 1.5 inches. 
^Optimal plans A reflect a level of operating capital use by each farm oper­
ator identical to the average amount annually used during the predevelopment period. 
^Optimal plans B reflect a level of operating capital use by each farm oper­
ator sufficient so that the return to the last increment used was 5 percent. 
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Gully erosion 
Although the on-site flooding analysis suggests that 
aggregate runoff from the watershed and consequently peak 
flows in the lower portion of the main stem of Spring Valley 
Creek would be reduced if optimal farm plans were adopted, 
runoff from any part of the watershed may be increased. In­
creased runoff within gully hazard areas could activate 
gullies which are stabilized and likely would remain stabil­
ized under sustained predevelopment land use and treatment 
measures. Possibilities of gully erosion resulting from 
adoption of either set of optimal farm plans were, therefore, 
evaluated in areas most susceptible to gullying. Potential 
gully hazard areas were defined as the contributing drainages 
to each of the 16 gullies identified from aerial photographs 
as active in 1938. These sites are shown in Figure 4. 
4 
Following the procedures of previous studies, it was 
postulated that the rate of gully growth is a linear function 
of the magnitude of the peak flow resulting from a storm of 
a given recurrence interval. Furthermore, it was postulated 
that the effect of changed land use and treatment measures 
on rates of gully growth is proportional to the effect of the 
4These procedures have been previously applied by the 
Departments of Agronomy, Agricultural Engineering, and Eco­
nomics and Sociology of Iowa State University (11, op. 62-70) 
and Pavelis (17, pp. 63-71). 
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change on peak flows from the contributing drainage. Hence, 
peak flows resulting from a 1:25-year recurrence storm were 
computed for each of the 16 gully contributing" drainages, 
based on predevelopment and optimally planned land use and 
treatment measures. If the peak flow for a contributing 
drainage was less for an optimally planned, than for a pre­
development management system, then consistent with the stated 
postulates it followed that adoption of the optimal plans 
would not result in a gully hazard since it had been estab­
lished that all gullies would remain stabilized under sus­
tained predevelopment land use and treatment measures. If 
the peak flow was increased under an optimally planned manage­
ment system, further analysis of the probable effect on 
gullying was necessary. 
Figure 9 indicates relations between average indexes of 
runoff characteristics (termed summation W) and peak dis­
charges ( designated by Qp on the vertical axes) from a 1:25-
year recurrence storm for each of the contributing drainages 
analyzed. The runoff indexes, or summation Ws, reflect the 
average relief, soil infiltration, vegetal cover and surface 
storage characteristics of the drainage area. Given a recur­
rence expectancy and climatic conditions as expressed by a 
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PREDEVELOPMENT SITUATION 
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SUMMATION W 
OPTIMAL FARM PLANS (PREDEVELOPMENT LEVEL OF 
CAPITAL USE) 
OPTIMAL FARM PLANS (5% RETURN LEVEL OF CAPITAL 
USE) 
OPTIMAL FARM PLANS (PREDEVELOPMENT AND 5% 
LEVELS OF CAPITAL USE ) 
RAINFALL FACTOR = 1.0 
RAINFALL RECURRENCE INTERVAL = l'.25 YEAR ( FACTORS.2 ) 
Figure 9. Peak discharges in relation to indexes of runoff 
characteristics within 16 potential gully hazard 
areas, predevelopment and optimally planned 
management systems, Spring Valley Creek Watershed 
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135 
g 
and the size of the drainage area. 
Referring to Figure 9, it may be noted that peak flows 
in 15 of the 16 drainages would be decreased relative to the 
predevelopment period if either set of optimal farm plans 
were adopted, the decreases in most of the gully hazard areas 
being substantial. In general, little or no difference in 
peak flows were indicated between the two sets of optimal 
plans. Additional terraces specified by the optimal plans 
is the reason for the indicated reductions in peak flows in-
the 15 gully hazard areas. In each, any tendency for runoff 
to be increased from adoption of optimal plans by reason of 
higher frequency row crop rotations was more than compensated 
by the runoff decreasing effects of additional terraces. The 
insignificant differences in peak flows between sets of 
optimal plans reflect the similarity of land use and treat­
ment, measures. 
Peak flows from a 1:25-year recurrence storm would be 
increased from an estimated 31 to 40 cubic feet per second 
in the 69.4 acre contributing drainage to gully 3 (location 
shown in Figure 4) if either set of optimal farm plans were 
adopted. The reason why changes in the index of runoff char­
acteristics resulting from the adoption of optimal farm plans 
in this drainage did not conform to the pattern established 
5 For details of this method for estimating runoff rates-
from watersheds see Frevert et al. (6, pp. 62, 436). 
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by the others, was that by 1957 a very high proportion (88.9 
percent) of the area already had been terraced. This fact is 
reflected by the extraordinarily low predevelopment peak, flow 
estimate of 31 cubic feet per second compared with correspond­
ing estimates ranging from 68 to 122 cubic feet per second 
for the other drainages larger than 50 acres. Hence, in the 
drainage contributing to gully 3, additional runoff resulting 
from the higher frequency row crop rotations specified by the 
optimal plans was not fully compensated by the addition of 
terraces since extensive additional terracing was precluded 
by the amount of the area terraced in 1957. 
The conclusion is drawn that the adoption of either set 
of optimal farm plans would not result in gully growth in the 
Spring Valley Creek Watershed. If the postulates regarding 
the relation between peak flow and gully growth are correct, 
it is clear that gullying in 15 of the 16 hazard areas would 
not be a product of the adoption of optimal plans because 
peak flows would thereby be reduced, and these gullies were 
stabilized under predevelopment management systems. It is 
improbable that increased runoff associated with optimal farm 
plans would result in the growth of gully 3. The historical 
regression rate of this gully (Table 9) was among the most 
rapid; hence, the relatively small increase in peak flow 
likely would not cause the gully to progress. 
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Sheet erosion 
The criterion that limited alternative crop - activities 
for programming to those yielding less than five tons of 
soil loss per acre per year assures that future productivity 
of tillable upland soils would not be impaired if either set 
of optimal farm plans were adopted. Relative to erosion 
losses associated with predevelopment land use and treatment 
measures, the maximum reduction in average soil loss on the 
upland soils of any operating unit would be about 35 tons per 
acre annually for operating unit 8. The annual average soil 
loss reduction on tillable upland soils within the entire 
watershed would be in excess of 11 tons per acre. 
Damages to public bridges 
The effects that the adoption of either set of optimal 
farm plans would have on damages to each of the bridges within 
the Spring Valley Creek Watershed were separately determined. 
The procedures which were employed are outlined below. 
Based upon the amount of terracing and land use specified 
by the optimal plans for each of the sectors above the gauging 
station at bridge B (Figure 5), peak discharges at bridge B 
were recomputed for a continuum of 1:25-year storms. The 
maximum peak, uncorrected for the runoff retention capacity 
of terraces, again resulted from a storm of about 4 hours 
duration. Utilizing equation 1, page 69, but where Q,pg 
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equalled the recomputed maximum peak discharge at bridge B, 
uncorrected peak flows resulting from a 1:25-year storm were 
recomputed at each of the other four bridge sites. Peak 
flows at all five of the bridge sites were then corrected 
by the method of equation 2, page 71, for the runoff reten­
tion capacity of terraces specified in each of the contribut­
ing drainage sectors. The corrected peak flows at each 
bridge site are shown in the left-hand section of Table 26 
Estimated annual damages to bridges under predevelop­
ment and optimally planned land use and treatment measures 
are shown in the right-hand section of Table 26. These esti­
mates assume that the effect on annual bridge damages of a 
change in land use and treatment measures is proportional to 
the effect of the change on the maximum peak flow from a 
1:25-year storm. Damages to each of the bridges accruing to 
optimally planned management systems, therefore, were esti­
mated as 
where Dj_ = annual damages to the i^ bridge accruing to 
optimally planned land use and treatment measures. 
For reasons stated in footnotes 5, page 65, and 8, page 
69, peak flow estimates shown in Table 26 for optimal plans 
A and B must be considered as very approximate. 
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Table 26. Comparative peak discharges and estimated associated annual dam: 
land use and treatment measures, Spring Valley Creek Watershed 
Peak discharges from a 1:25-year storm 
Bridge corrected for terrace runoff retention (Qp) 
identification Predevelopment Optimal plans Optimal pi 
(1) (2) (3) (W 
(cubic feet/second) (cubic feet/second) (cubic feet/ 
A 1,890 853 829 
B . 1,860 822 806 
C 1,790 809 778 
D 1,650 725 701 
E 1,250 570 566 
Total annual bridge 
^Optimal plans A reflect a level of operating capital use by each f< 
the predevelopment period. 
^Optimal plans B reflect a level of operating capital use by each f; 
used was 5 percent. 
damages at five bridge sites, predevelopment and optimally planned 
ied 
3p) , Annual bridge damages 




Optimal plans Aa 
(6) 
Optimal plans Bu 
(7) 
;et/second) (dollars) (dollars) (dollars) 
329 51.67 24.68 23.99 
306 52.57 23.2k 22.79 
778 ki.5% 18.80 18.08 
701 - - — — 
566 36.80 16.77 16.68 
idge damages 185.63 83. 81.5k 
h farm operator identical to the average amount annually used during 
h farm operator sufficient so that the returns to the last increment 
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4- "Ln 
= annual damage to the i bridge accruing to pre­
development land use and treatment measures. 
Qp0 = peak flow, corrected for the runoff retention 
• capacity of terraces, resulting from optimally 
planned land use and treatment measures. 
Qp, = peak flow, corrected for the runoff retention 
capacity of terraces, resulting from predevelop­
ment land use and treatment measures. 
Referring to Table 26, it may.be noted that annual 
damages to bridges in the Spring Valley Greek Watershed would 
be reduced by #102-14 ($185.63-083.49) if the set of optimal 
plans based on predevelopment capital use were adopted and by 
$104.09 ($185.63-$81.54) if the set of optimal plans derived 
with reference to the higher level of capital availability 
were adopted. These reductions may be viewed as annual bene­
fits which are coincidental to optimal farm planning and which 
accrue to Mills County. 
Since bridge damages would not be completely eliminated 
through the adoption of either set of optimal farm plans, it 
is appropriate to ascertain if remaining damages would be 
sufficient to justify structural control measures. Investment 
in a structure(s) would be justified if the present value(s) 
of future benefits accruing to the structure(s) is greater 
than the construction and other associated costs. The present 
value of future benefits dictates the absolute economic limit 
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to structural investment. Present values of future benefits 
achievable through the elimination of all bridge damages 
remaining after the adoption of optimal plans, or alterna­
tively , the maximum conceivable economically justified 
investments in structures to provide complete protection for 
the bridges, are shown in Table 27. 
Table 27. Present values of future benefits achievable 
through the elimination of all bridge damages 
remaining after the adoption of optimal farm plans 
Bridge identification 
Present values of future damages8-



















^Discounted at 2 1/2 percent over 50 years. 
^Optimal plans A reflect a level of operating capital 
use by each farm operator identical to the average amount 
annually used during the predevelopment period. 
c0ptimal plans B reflect a level of operating capital 
use by each farm operator sufficient so that the returns to 
the last increment used was 5 percent. 
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The magnitudes of potential benefits shown in Table 27 
suggest that possibilities for reducing remaining bridge 
damages through structural measures may be summarily dis­
missed. Construction and other associated costs of providing 
protection by structural measures surely would exceed poten­
tial benefits 
Remaining bridge damages associated with both sets of 
optimal plans were allocated among operating units of runoff 
source and treated as detrimental outputs in deriving net 
returns to optimally planned management systems. The method 
of allocation followed equation 6, page 7-3, and credits each 
operating unit with damage reduction benefits and remaining 
damages in relation to runoff volumes from a 1:25-year storm 
resulting from optimally planned land use and treatment 
measures. Allocated remaining damages and damage reduction 
benefits are shown for each operating unit for both sets of 
optimal plans in Tables 41 and 42. 
o 
Illustrative of the total costs of structures of the 
type which would provide protection to bridges in the Spring 
Valley Creek Watershed are the estimated costs of stabiliza­
tion structures on roads in the Mill-Picayune Creek Watershed 
in Western Iowa. The average cost of 26 such structures was 
$22,866 and the range from 111,253 to $45,167. 
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Annual Net Returns from Alternative Farm Plans 
Annual net returns from crops 
produced within the watershed 
The adoption of optimal farm plans requiring the same 
amounts of operating capital used by individual farm operators 
during the predevelopment period would, in the aggregate, 
result in increased net revenue and returns from crops annual­
ly produced within the Spring Valley Greek Watershed. 
" Changes, resulting from the adoption of these plans, in crop 
production costs and net returns from crops produced on the 
watershed portion of each operating unit were estimated and 
are presented in the left-hand section of Table 28. 
Although annual capital requirements for farm firms 
would remain unchanged from predevelopment levels of capital 
use, the allocation of capital within firms would be altered 
and increased amounts devoted to intensified crop production. 
In the aggregate, annual direct crop production costs within 
the watershed would be increased by $42,04?.26. Increased 
indirect production- costs, representing an initial investment 
of $15,020.66 by farm operators in additional terraces and 
associated annual maintenance costs of $425.92, would amount 
8 to an annual equivalent of §1,248.70. In addition, another 
O 
Where the farmers' shares of construction costs were 
amortized at 5 percent over 50 years and all maintenance 
costs were assumed borne by the farmers. 
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Table 28. Indicated changes from the predevelopment period in annual variable production c 
portions of operating units by two sets of optimal farm plans 
Optimal plans Ac 
Indicated change Indicated change 
Annual variable in annual variable Annual net in annual net 
rating crop production crop production returns from returns from 
number costs0? costsQ crops produced6 crops produced6 
(1) (2) (3) (k) (5) 
(dollars) (dollars) (dollars) (dollars) 
1 2,839.49 424.09 3,193.14 1,153.93 
2 433.99 -44.99 487.32 128.74 
4 1,453.1c 575.05 1,521.60 600.86 
5 818.49 362.36 818.60 342.39 
6 2,118.27 969.75 2,417.24 1,021.24 
7 1,810.32 714.47 1,940.84 813.82 
8 1,957.78 2,353.77 4,774.22 2,731.08 
9 1,054.58 499.47 1,332.85 621.20 
10 1,603.66 730.95 1,892.06 874.80 
11 5,380.16 1,530.57 5,322.27 1,145.70 
12 4,218.87 1,348.87 4,887.45 2,387.12 
13 3,032.92 364.92 3,182.80 1,345.92 
14 509.35 218.31 510.8? 197.24 
15 1,841.46 969.91 3,103.42 1,938.12 
^Optimal plans À reflect a level of operating capital use by each farm operator ident: 
^Optimal plans B reflect a level of operating capital use by each farm operator suffic 
^Includes the farmers' shares of annual equivalent construction and maintenance costs 
^Computed as entry in column 2 of this table minus entry in column 3 Table lit. 
eThe values of annual hydrologie damages accruing to runoff from the operating units 1 
^Computed as entry in column it of this table minus entry in column 6 Table ll;. 
^Computed as entry in column 6 of this table minus entry in column 3 Table ill. 
^Computed as entry in column 8 of this table minus entry in column 6 Table lit. 
in costs and net returns from crops specified :for the watershed 
Optimal plans B^ 
Indicated change Indicated change 
Annual variable in annual variable Annual net in annual net 
crops production crop production returns from returns from 
costs0 costs^ crops produced6 crops produced6 
(6) (7) (8) (9) 
(dollars) (dollars) (dollars) (dollars) 
3,413.92 998.52 3,350.39 1,311.18 
432.66 -71.32 450.06 91.48 
1,516.22 637.87 1,519.64 598.90 
840.55 384.42 809.57 333.36 
2,176.54 1,028.02 2,392.66 996.66 
1,836.93 741.08 1,891.04 764.02 
3,940.8? 1,336.86 4,185.01 2,141.87 
1,067.55 512.1.4 1,297.15 585.50 
1,658.82 786.11 1,866.04 848.78 
5,993.58 2,143.99 6,058.91 1,882.34 
3,827.34 957.3k 1,157.88 1,957.55 
3,473.65 805.85 3,693.78 1,856.90 
522.75 231.71 511.61 197.98 
1,835-71 964.16 3,158.49 1,993.19 
mtical to the average amount annually used during the predevelopment period, 
.ficient so that the returns to the last increment used was 5 percent. 
sts of additional terrace requirements shown in Tables 39 and 40. 
ts (shown in column 10 of Tables 4l and 42) have been deducted. 
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Table 28. (Continued) 
Optimal plans A 
Indicated change Indicated change 
Annual variable in annual variable Annual net in annual net 
Operating crop production crop production returns from returns from 
unit number costs costs crops produced crops produced 
(1) (2) (3) (4) " (5) 
(dollars) (dollars) (dollars) (dollars) 
: 16 5,631.60 1,958.60 5,442.60 2,670.35 
17 6,620.05 2,207.48 7,174.76 2,983.92 
18 1,139.09 515.24 1,397.32 . 619.81 
19 4,129.31 1,454.13 4,442.25 2,264.17 
20 1,114.34 455.58 1,789.98 925.97 . 
21 2,269.80 340.76 2,512.64 1,613.57 
22 1,116.13 440.13 1,799.31 882.80 
23 4,547.05 1,634.06 5,208.31 1,873.49 
24 4,539.01 2,189.21 4,765.50 2,339.64 
25 817.38 332.94 1,123.66 498.28 
26 658.09 157.40 662.53 337.80 
27 704.67 308.34 667.91 250.40 
28 6,619.05 3,120.90 7,250.73 3,927.51 
29 3,897.27 1,742.25 3,756.32 1,615.98 
30 4,566.24 1,915.55 5,160.18 2,374.34 
31 3,563.36 515.92 4,591.63 2,041.38 
32 562.07 233.66 704.54 311.85 
33 1,499.18 837.71 1,913.79 1,325.02 
3k 3,101.85 1,273.02 3,157.42 1,352.92 
35 3,800.73 1,473.58 3,679.96 1,624.24 
36 4,879.20 1,815.14 5,478.69 2,478.21 
37 —— — - -0.34 — 
38 220.50 85.85 267.24 108.42 
39 3,191.08 700.13 3,618.02 2,835.07 
Uo 1,496.12 322.05 1,701.4% 1,362.81 
la 2,209.46 849.17 1,670.62 998.04 
42 893.07 314.65 860.34 339.60 
43 494.86 195.27 546.26 172.10 
hk 1,004.80 373.50 1,024.87 350.75 
1*5 . 1,351.41 499.09 1,397.14 626.19 . 
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(dollars) (dollars) (dollars) (dollars) 
46 3,339.45 1,576.67 4,216.48 2,420.41 
47 1,876.78 705.20 1,706.11 699.77 
1*8 332.36 81.99 303.51 104.48 
1*9 2,585.25 497.92 3,091.01 1,154.26 
50 2,262.16 730.90 3,093.24 870.26 
51 517.67 213.59 825.78 393.66 
52 663.29 215.08 693.74 477.83 
53 — — — — -6.96 — 
Totals 120,326.97 43,295.96 133,073.26 62,528.45 
d change Indicated change Indicated change 
al net Annual variable in annual variable Annual net in annual net 
.s from crop production crop production returns from returns from 
roduced costs costs crops produced crops produced ) (6) . (7) (8) (9) 
ars) (dollars) (dollars) (dollars) (dollars) 
.41 3,713.60 1,950.82 4,383.37 2,587.80 
.77 1,938.45 766.87 1,661.83 656.49 
48 361.30 110.43 303.22 104.19 
.26 2,630.21 542.88 3,076.39 1,139.64 
.26 2,262.16 730.90 3,093.24 870.26 
.66 530.14 226.06 8%2.33 410.71 
.83 647.41 199.20 413.80 202.39 
-- -6.>6 — 
45 123,431.69 46,400.68 131,482.31 60,937.50 
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cost, not directly borne by identifiable watershed interests, 
would be necessarily incurred since the federal government 
would :bear $35,048.20 of the construction costs of terraces 
or an annual equivalent cost of Si,235.73Hence, a total 
annual increase in costs of $44,531.69 would be attributable 
to watershed land use and treatment measures coincident with 
the first set .of optimal plans. Of this total, $43,295.96 
would be borne by farm operating units within the Spring 
Valley Creek Watershed, the remaining 51,235.73 being borne 
by the federal government. 
The gross value of crops annually produced within the 
watershed would be increased by $105,722.27 if optimal plans 
formulated on the basis of predevelopment capital use were 
adopted. In addition to this implied benefit accruing to 
farm operating units, annual bridge damage benefits of $102.14 
would be experienced by Mills County. Watershed net benefits 
coincidental to the reorganization of existing resources and 
measured with reference to changes in the net value of crops 
produced and associated hydrologie damages, therefore, would 
equal $105,824.41 - @44,531.69, or #61,292.72.The implied 
9Where the federal government's share of terrace con­
struction costs was amortized at 2 1/2 percent over 50 years. 
-L^Since changes in the annual net returns from crops 
produced shown in column 5 of Table 28 are credited with 
changes in associated hydro logic damages, it would appear 
that the sum of the entries in the (continued on next page) 
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ratio of benefits to costs would be 2-38. 
In the right-hand section- of Table 28 are presented 
changes relative to the,predevelopment period in production 
costs and net returns from.'crops produced on the watershed 
portion of each operating unit, these changes resulting from 
the adoption of optimal farm plans based on a level of 
capital use by each farm operator sufficient so that the 
marginal returns to capital were driven to 5 percent. In 
the aggregate, annual direct crop production costs within 
the watershed would be increased by $45,109.29 if this set 
of optimal plans were adopted. Increased indirect annual 
production-costs of £1,291.39 would be borne by farm oper­
ators and would result from an initial investment in terraces 
of $15,502.17 and increased annual maintenance costs of 
#442.13. The federal government's share of terrace construc­
tion costs would amount to an annual equivalent value of 
$1,275.35. Thus, total annual direct and indirect production 
costs would be increased by $47,576.03 relative to predevel­
opment outlays. 
The adoption of optimal farm plans formulated with 
(footnote continued from previous page) column (§62,528.45) 
would equal net benefits. The reason it does not is that 
the federal share of terrace construction costs were not 
included in annual variable crop production costs. Deducting 
the annual equivalent of the federal share of terrace con­
struction costs ($1,235.73) from the sum of the entries in 
column 5 gives $61,292.72, the net benefit figure shown. 
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reference to the higher level of capital use would result in 
an increase of §107,£34.09 in the gross value of crops 
annually produced within the watershed. Annual damages to 
bridges on county roads would be decreased by $104.09. 
Watershed annual net benefits coincidental with the adoption 
of these farm plans would be equal to #107,338.18 - $47,676.03 
or $59,662*15, implying a ratio of benefits to costs of 2.25. 
Since we would intuitively expect that movement from 
predevelopment levels of capital use by farm operators to 
higher levels of use would, in general, permit increased 
net revenues from the operations of the farm firms, the 
figures presented suggest that net returns from crops produced 
within the hydrologically defined portions of operating units 
may not be indicative of net returns accruing to the farm 
firms. Most significant is the observation that watershed 
net benefits, measured with reference to the net returns 
from crops•produced, would be decreased #1,630.57 annually by 
reason of each farm operator increasing capital use, and none 
of the decrease in benefits would be due to increased hydro-
logic damages. If the hypothesis is acceptable that the net 
returns from crops produced within a hydrologically defined 
^Within the context of this study we would expect net 
revenue resulting from optimal plans restricted by predevel­
opment capital to be less than that from optimal plans limited 
by a five percent opportunity cost except in those instances 
where predevelopment capital use exceeded the amount necessary 
to drive marginal returns to capital to 5 percent. 
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area is not reflective of the net returns accruing to farm 
firms of which the ares is a part, it follows that resource 
reorganization to maximize the net returns from crops pro­
duced within the hydrologically defined area would be incon­
sistent with resource reorganization to maximize net returns 
to the farm firms. Hence, the validity of a watershed plan­
ning norm which does not consider the entire resource struc­
tures of participant firms is questionable. 
Annual net returns for 28 farm firms 
Table 29 presents comparative annual net returns from 
crops produced on the watershed portions of 28 operating units 
and net returns for the same farm firms resulting from pre­
development and optimally planned management systems. Al­
though there is no consistent relationship among individual 
operating units between the change in the net returns from 
crops produced on watershed lands and the change in net 
returns achievable by the farm firms as operating capital 
was increased, the aggregate values for the 28 farms tend 
to substantiate the hypothesis advanced. Whereas aggregate 
net returns achievable by the 28 farm firms were increased 
from $200,078.64 to $230,195.60 (an increase of $30,115.96) 
through increasing available operating capital, the aggregate 
net returns from crops produced on the watershed portions of 
these operating units were decreased by $1,254.25 (from 
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Table 29. Annual net returns from crops produced on watershed lands compared > 
livestock and crops produced by 28 farm firms, predevelopment and oj 
. Annual net returns from crops 
produced on watershed lands5 
Operating Optimal ' Optimal 
unit number Predevelopment plans Ac> plans Ee> Prec 
(dollars) (dollars) (dollars) (c 
1 2,039.21 3,193.14 3,350.39 6, 
2 358.58 487.32 450.06 4, 
8 2,043.14 4,774.22 4,185.01 3 j 
11 4,176.57 5,322.2? 6,058.91 8j 
12 2,500.33 4,887.45 4,457.88 3j 
13 1,836.88 3,182.80 3,693.78 3. 
15 1,165.30 3,103.42 3,158.49 7: 
16 2,772.25 5,442.60 5,329.97 4. 
17 4,190.34 7,174.76 7,134.26 8 
20 864.01 1,789.98 2,006.36 4 
21 899.07 2,512.64 2,567.31 2 
23 3,334.82 5,208.31 3,790.62 5 
24 2,425.86 4,765.50 4,545.50 3 
26 324.73 662.53 667.70 3 
28 3,323.22 7,250.73 7,250.77 11 
29 2,140.34 3,756.32 3,809.86 3 
aThe values of annual hydrologie damages accruing 'to runoff from the wate: 
(shown in column 6 of Table 13 and column 10 of Tables hi and 42) have been de< 
^Transferred from column 6, Table 20. 
c0ptimal plans A reflect a level of operating capital use by each farm opt 
amount annually used during the predevelopment period. 
^Transferred from column 4> Table 28. 
eOptimal plans E reflect a level of operating capital use by each farm op, 
returns to the last increment used was 5 percent. 
-^Transferred from column 8, Table 28. 
^Transferred from column 6, Table 21. 
nds compared with annual net returns from 
lopment and optimally planned management systems3 
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from the watershed portions of operating units 
have been deducted. 
• each farm operator identical to the average 
each farm operator sufficient so that the 
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Table 29. (Continued) 
Annual net returns from crops 
' produced on watershed lands 
Operating Optimal Optimal 
unit number Pre development plans A plans B 
(dollars) (dollars) (dollars) 
30 2,785.94 5,160.18 5,222.06 
31 2,549.75 4,591.63 4,471.87 
33 588.77 1,913.79 1,913.79 
35 2,055.72 3,679.96 3,723.55 
36 2,999.98 5,478.69 5,183.32 
39 782.96 3,616.03 3,654.88 
ho 338.68 1,701.49 1,701.50 
hi 672.58 1,670.62 1,799.66 
h2 520.74 860.34 914.52 
46 1,796.07 4,216.48 4,383.87 
50 2,222.98 3,093.24 3,093.24 
52 215.91 693.74 418.30 
Totals 51,925.13 100,192.18 98,937.93 
Annual net returns from livestock 
and crops produced by firm 
îal Optimal Optimal 
; B Predevelopment plans A plans B 
Lars) (dollars) (dollars) (dollars) 
>.06 4,279.56 5,523.72 7,364.53 
L.S? 3,394.95 5,563.62 7,385.79 
).79 6,670.73 10,245.00 9,313.00 
5.55 5,033.41 9,597.40 10,880.68 
3.32 6,192.19 8,299.56 8,645*56 
1.88 5,618.52 7,929.63 10,759.63 
L.50 7,493.10 8,753.54 8,619.55 
?.66 3,334.94 2,798.44 3,976.92 
4.52 1,780.38 2,289.72. 4,141.91 
3.87 1,796.07 4,486.44 6,685.56 
3.2k 5,074.02 7,516.02 7,421.02 
3.80 2,222.46 3,619.73 4,568.76 
7.93 136,128.00 200,078.64 230,195.60 
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1100,192.18 to $98,937.93). Assuming capital were available, 
it would be unreasonable to argue that these 28 farm operators 
would be made relatively worse off by adopting the set of 
farm plans requiring the higher level of capital; yet this 
would in effect be the argument if the net returns from crops 
produced on watershed lands was the criterion for resource 
reorganization feasibility. 
The paradox illustrated in Table 29 is easily explained. 
When capital was relatively restricted (limited to the pre­
development level of use) and other resources were compara­
tively plentiful, the highest returns to capital were obtained 
by using it in crop enterprises, principally corn and soy­
beans, on the most productive soils. In general, livestock 
enterprises were minimized in this set of optimal plans since 
returns to capital were greater in the high intensity row 
crop enterprises. As capital was increased, however, live­
stock enterprises were expanded because higher returns to 
capital could be obtained in these enterprises than by fur­
ther intensifying or expanding crop enterprises since the 1 
most productive soils were already committed to row crop. 
Additional acreages of corn and meadow were necessitated to 
meet the increased requirements of the expanded livestock 
enterprises, principally feeder calves. As capital was in­
creased much land previously specified as being devoted to 
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soybeans was specified as being cropped corn or meadow, 
thereby reducing the net revenue from crops produced on this 
•land. 
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CONCLUSIONS AND IMPLICATIONS 
Conclusions Relating to the Four Study Objectives 
Drawing from the analyses presented in the preceding two 
chapters, conclusions are presented in this section regarding 
the four study objectives which were explicitly stated in the 
initial chapter. 
Optimal Farm Plans and Runoff Control 
The previous analysis warrants the conclusion that land 
use and treatmènt measures specified by individually optimal 
soil-conserving farm plans in the Spring Valley Creek Water­
shed are complementary with the watershed objective of runoff 
control. This conclusion holds whether reference is made to 
net revenue-maximizing plans based on capital and non-capital 
resources known to be available to farm operators or to plans 
permitting expanded capital use. Several observations drawn 
from the hydrologie analyses performed substantiate this con­
clusion. 
Conclusive evidence of the aggregate runoff reducing 
effects of the adoption of optimal fsrm plans is contained in 
Table 25 which shows for alternative management systems 
volumes of runoff (expressed in acre-inches) resulting from 
a continuum of different intensity 1: 50-year storm's over the 
watershed. Here it is shown that adoption of optimal farm 
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plans would, in general, reduce the volumes of runoff by 
approximately one-half as compared with volumes accruing to 
predevelopment land use and treatment measures. A lesser, 
but nevertheless pronounced, reduction would be associated 
with the longer duration storms. 
Also affirming this conclusion are the estimates of peak 
stream flows as they relate to actual or potential damage 
hazards. The analysis of potential on-site flooding indicated 
that the maximum peak flow on the lower portion of the main 
stem of Spring Valley Creek from a 1: 50-year storm would be 
reduced from 2,440 to 1,140 cubic feet per second by reason 
of adoption of optimal plans utilizing predevelopment capital. 
Adoption of optimal plans based on a higher level of capital 
availability would further reduce the peak flow. Peak dis­
charges from a 1:25-year recurrence storm would be reduced 
in 15 of 16 potential gully hazard areas (Figure 9) if either 
set of optimal-plans were adopted. And finally, peak flows, 
again measured with reference to a 1:25-year recurrence 
storm, from the watershed sectors contributing to runoff under 
each of five public bridges likewise would be greatly reduced 
(Table 26). 
The large amounts of additional terraces (over one 
million linear feet) specified in the watershed by both sets 
of plans (Tables 39 and 40) principally account for the com­
plementarity of these plans with the watershed objective of 
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runoff control• Also, the intensity of crop rotations would 
be more closely related to slopes than was the case during 
the predevelopment period •( Table 23). Limited row crop would 
be produced on the steeply sloping lands if optimal plans 
were adopted. For the watershed as a whole, however, a 
greatly increased percentage of the tillable cropland acres 
would be annually devoted to row crop (Table 23). Any 
tendency for runoff from the watershed to be increased by 
reason of additional row crop specified by optimal plans 
would be more than compensated by runoff reducing effects 
of additional terraces and careful selection of soils upon 
which to grow the row crop. 
Operating capital availability 
and runoff control 
On the basis of the hydrologie analyses of alternative 
farm plans in the Spring Valley Creek Watershed, it is con­
cluded that compared with optimal organization of currently 
possessed resources, the availability and optimal use of 
additional capital by operating units would only slightly 
affect the hydrologie properties of the watershed. Insofar 
as any effect is perceptible, the optimal use of additional 
capital by operating units likely would encourage runoff con­
trol and, thus, would be consistent with achievement of a 
conventional watershed development objective. These conclu­
sions, of course, presume that the allocation of resources is 
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restrained by the observance of erosion control objectives. 
Referring to Table 25, it may be noted that runoff from 
the watershed associated with all 1:50-year storms analyzed 
was estimated as being 60-70 acre-inches less for aggregated 
optimal farm plans where capital was limited only by the 
condition that the marginal commitment yield at least a five 
percent return than for plans where capital was limited to 
predevelopment levels of use. This is a very slight reduc­
tion in view of the magnitudes of the volumes involved. 
In terms of the effects which land use and treatment 
measures associated with increased capital use would have on 
peak stream flows as they relate to actual or potential damage 
hazards, the following observations may be made. Peak flow 
on the lower portion of the Spring Valley Creek from the 
maximum peak producing 1:50-year storm would be reduced from 
1,140 to 1,110 cubic feet per second, or a reduction of 30 
cubic feet per second. In 10 of the 16 potential gully hazard 
areas any changes in peak discharges from a 1:25-year storm 
would be imperceptible; in five of the areas, peaks would 
be slightly reduced; and in only one would there be a slight 
increase (Figure 9). Also peak flows would be slightly re­
duced from each of the sectors contributing to runoff flowing 
under the five public bridges (Table 26). 
The indicated slight reductions in runoff associated with 
increased capital use by operating units are directly due to 
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two factors. First, in the aggregate, the intensity of land 
use was slightly decreased. Secondly, more than 32,000 linear 
feet of additional terraces were specified in the watershed 
by the higher capital requirement plans. Reasons for the 
shifts in land use are not explained here since they have 
been stated elsewhere. 
Optimal farm plans and the development norm 
The development norm as stated in the introductory chap­
ter specifies the following essential requirements: (a) that 
the resource reorganization maximize the present value of 
future streams of net benefits to the watershed participants, 
satisfied when any other organization of resources would 
yield a lower present value of future net benefits, (b) that 
no participant be left worse off by reason of the reorganiza-' 
tion of resources, and (c) that development costs be shared 
by participants in the same proportions that benefits are 
received. With these requirements in view, aggregated indi­
vidually optimal soil-conserving farm plans are evaluated 
in terms of meeting the group welfare objective. 
Maximum net benefits to watershed participants Given 
a set of resources owned by or available to the farm firm, the 
technique of linear programming specifies that use of the 
resources which will maximize net revenue. In general, any 
commitment of the resources within the firm, other than that 
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specified by the program, would result in decreased net rev­
enue . In the absence of either intrafirm or interfirm (pri­
vate and/or public) hydrologie damages accruing to individual­
ly optimal resource use, aggregated net revenue-maximizing 
plans would, of.course, satisfy the requirement of maximum 
net benefits to watershed participants. The amount of net 
benefits would be equal to the excess of aggregate net rev­
enue produced by the optimal plans above the sum of the net 
revenues accruing to predevelopment resource organizations, 
plus the value of any damages eliminated. Reasoning further, 
if hydrologic damages are identified as accruing to indi­
vidually optimal farm plans, but the identified damages are 
so slight that they could not be economically reduced or 
eliminated by additional known control measures, then the 
aggregated individually optimal plans likely would produce 
approximate maximum net benefits to all participants.1 
The hydrologie analyses of land use and treatment 
measures associated with both sets of individually optimal 
plans lead to the conclusions that (a) the optimal reorganiza-
^The reason why aggregated plans likely would produce 
only approximate maximum net benefits to all participants is 
that alternative land use and treatment measures would not 
have been credited with possible dissociated benefits accru­
ing to them. Although an ex post appraisal of damages re­
maining after the adoption of optimal plans might reveal 
damages so insignificant that they could not be economically 
reduced by known control measures, it is possible that re­
maining damages might have been even less had all dissociated 
benefits been properly credited in formulating the plans. 
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tlon of capital and non-capital resources currently available 
to farm operators in the Spring Valley Greek Watershed would, 
in the aggregate, result in approximate maximum net benefits 
to all participants possible from the use of these resources, 
and (b) the optimal use of additional capital and currently 
available non-capital resources by farm operators would, in 
the aggregate, also result in approximate maximum net bene­
fits to all watershed participants possible from the added 
capital outlay. These conclusions are based on evidence that 
neither intrafirm nor interfirm hydrologie damages, econom­
ically reducible by known control measures, would accrue to 
either set of plans. 
On-site flooding; Although on-site flooding 
would be expected only rarely from sustained predevelopment 
management systems, the probability of any on-site flooding 
would be extremely remote if individually optimal land use 
and treatment measures were adopted. It was estimated that 
the peak discharge from the most severe'1:50-year storm would 
consume less than one-third of the channel capacity at its 
most likely point of overflow if optimal plans were adopted. 
Gully erosion Currently stabilized gullies 
would not be activated if optimal plans were adopted. Peak 
flows within all but one potential hazard areas would be 
reduced (Figure 9). In the remaining area, the slight in­
crease in peak flow likely would not activate the gully. 
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Damage to public bridges Estimated annual dam­
ages of #185.63 distributed among five public bridges within 
the Spring Valley Creek Watershed would be reduced by more 
than $100 if optimal plans were adopted (Table 26). Remain­
ing annual damages to public bridges (Table 27) would not be 
sufficient to justify economically the installation of added 
runoff control measures. 
Sheet erosion In addition to the interfirm 
hydrologie consequences of the adoption of optimal farm plans 
described above, an additional nonmonetarily evaluated intra-
firm benefit would accrue; the average annual soil loss on 
tillable upland soils would be reduced from about 16 tons per 
acre to less than five. 
Using conventional measures of watershed benefits (i.e. 
increased values of crops and reduced hydrologie damages) 
annual watershed net benefits coincidental with optimal farm 
planning were estimated as $61,292.72 for the set of plans 
based on predevelopment capital use and $59,662.15 for the 
set of plans reflecting increased capital availability. 
Respective implied ratios of benefits to costs were 2.38 and 
2.25. Reasons for the reduction in net benefits as capital 
availability was increased relate to the measurement standards 
and are covered elsewhere. 
Again using conventional measures of benefits, Tables 28, 
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39, 40, 41 and 4£ contain for both sets of plans sufficient 
data to determine the proportion of watershed benefits 
attributable to resource reorganization on each operating 
unit, and the incidence of benefits and costs among private 
and public participants. For example, in column 5 of Table 
28, $1,153.93 is given as the increase in the net returns 
from crops produced on the watershed portion of operating 
unit 1 by reason of adopting the optimal plan formulated 
with reference to predevelopment capital. Since any remain­
ing allocable hydrologie damages have been deducted from 
this figure ( and thus, implicitly, damage reductions credited 
inasmuch as the figure is expressed as a difference from the 
predevelopment net returns from crops from which allocable 
damages were also deducted) it includes two types of benefits 
(a) the annual increase in the net revenue from crops pro­
duced on the watershed portion of operating unit 1, and (b) 
the values of reductions in annual damages to the five public 
bridges due to decreased runoff from operating unit 1. 
Referring to column 11 of Table 41, it may be noted that 
annual bridge damages allocable to operating 1 would be 
reduced by §5.88, a benefit accruing to Mills County. The 
increased net revenue from crops on the watershed portion 
of operating unit 1, therefore, would equal #1,153.93 - #5.88 
or $1,148.05. Insofar as operator 1 is concerned, the 
$1,148.05.represents a net benefit achievable by devoting an 
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additional $424.09 ( column -3 of Table 28) in annual production 
costs to the watershed portion of his farm. Insofar as all. 
watershed participants are concerned, however, it is not a 
net benefit since the federal government must contribute 
annual equivalent terrace construction costs of $45.55 (column 
8 of Table 39) for it to exist. 
Equity considerations It may be readily verified that 
the absolute position of no participating farm unit or Mills 
County would be adversely affected through adoption of either 
set of farm plans. Mills County, as an interested public, 
would receive annual net benefits in excess of #100 through 
coincidental bridge damage reductions. Within a conventional 
watershed analysis, each and every operating unit likewise 
would enjoy increased net benefits as shown by the magnitudes 
of the positive values in columns 5 and 9 of Table 28. But 
there is one exception. No benefits have been identified as 
accruing to the federal government which bears a share of the 
terrace construction costs. 
Inasmuch as the federal government would contribute to 
development through bearing part of the terrace construction 
"costs but would receive no identified benefits, and Mills 
County would receive benefits through decreased bridge damages 
but would make no contribution to development costs, it is 
obvious that the equity consideration of proportionate sharing 
of development costs in relation to benefits received would 
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not be fulfilled if operating units adopted individually 
optimal, plans. This matter is not of great importance in the 
Spring Valley Creek Watershed because of the trivial dissoci­
ations of benefits from costs. To illustrate the principle 
of cost sharing in proportion to benefits received and devi­
ations of aggregated farm plans from the development norm 
with regard to this principle, however, Table 30 is pre­
sented. 
In Table 30, gross benefits to farm operating units are 
identified as the increased values of annual crop production 
on the watershed portions of all operating units, and gross 
benefits to Mills County as the value of annual reductions in 
damages to the five public bridges. Actual costs incurred 
by farm operators represent increased annual crop production 
expense on the watershed portion of each operating unit. 
Actual costs borne by the federal government reflect the 
annual equivalent value of 70 percent of the construction 
costs of additional terraces. Normative costs -for any par­
ticipant are derived merely by multiplying the total actual 
costs of development by the proportion that gross benefits 
accruing to the participant represents of total gross bene­
fits. The effect of normative cost sharing would be to equate 
the ratio of benefits to costs for private and public par­
ticipants. 
Dissociations of benefits from costs, although existing, 
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Annual cost sharing; 
Actual Normative3-
(dollars) (dollars) 
Optimal Plans Ab 
Farm operating units 105,722.27 43,295.96 44,488.77 
Mills County 102.14 0 42.92 
Federal government 0 1,235.73 0 
Optimal Plans Bc 
Farm operating units 107,234.09 46,400.68 47,629.77.  
Mills County 104.09 0 46.26 
Federal government 0 1,275.35 0 
Normative costs for the federal government are very pro­
visional since benefits which were not embraced by this 
analysis probably accrue to this participant. 
^Optimal plans A reflect a level of operating capital 
use by each farm operator identical to the average amount 
annually used during the predevelopment period. 
^Optimal plans B reflect a level of operating capital 
use by each farm operator sufficient so that the returns to 
the last increment used was 5 percent. 
would not be extensive if individually optimal plans were 
adopted in the Spring Valley Creek Watershed. This is 
directly due to the virtual lack of inter-interest hydrologie 
consequences of resource use. Presumably some.benefits which 
were not evaluated in this study would accrue to the federal 
i6b 
government if erosion control plans with corollary effective 
water management were adopted. The benefits may take the 
form of decreased downstream flooding affecting non-identi­
fiable beneficiaries. Or the benefits to the federal 
government may be even less tangible and derive from such 
extra-market considerations as preservation of the land re­
source base for future generations. In any event, because 
of the inability of this analysis to treat possible benefits 
accruing to the federal government, the normative cost shar­
ing figures given in Table 30 for this participant must be 
viewed very tentatively. 
Adequacy of conventional planning procedures 
Given the basic premise that watershed planning should 
not ignore the possible effects of resource commitments for 
runoff control within the watershed on the revenue-producing 
capabilities of participant firms, and that the norm for 
watershed development, therefore, should seek that degree of 
runoff control consistent with maximum net returns to the 
firms (rather than maximum net returns to hydrologically 
defined land areas), some evidence has been presented which 
suggests by implication inadequacy of conventional planning 
procedures. Whereas conventional planning procedures essen­
tially restrict benefit-cost analyses in agricultural water­
sheds to the value of crops produced and related hydrologie 
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damages, it has been shown that the net return from crops 
grown on the watershed portion of a farm is not necessarily 
an indicator of the net return accruing to the farm firm 
(Table 29). Allowing the validity of this assertion, it 
follows that resource reorganization to maximize the net 
returns from crops produced within the hydrologically defined 
area is not analogous with resource reorganization to max­
imize net returns to farm firms. 
Optimal land use and treatment measures within a water­
shed are dependent upon the entire resource structures of 
participant firms. Conceptually, it is possible that a 
watershed development plan formulated to maximize the present 
value of future net returns from crop production within the 
watershed could leave the community of watershed interests 
worse off than if each participant were following predevelop­
ment management systems to which hydrologie damages accrued. 
This would be true if land use and treatment measures spec­
ified in the watershed plan disrupted the internal organiza­
tions of participant firms to the extent that the' present 
value of the sum of net returns foregone by reason of adopt­
ing the watershed plan, exceeded the present net value of 
future damages averted through adoption.• On this reasoning, 
it is concluded that conventional watershed planning pro­
cedures do not assure development projects consistent with 
the best interests of the watershed group. Consideration in 
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the planning model of the interdependence between the water­
shed and non-watershed resources of.participant firms is 
necessary to provide this assurance. 
Limitations and Qualifications of This Analysis 
Low-hazard study watershed 
Although the Spring Valley Creek Watershed would not 
appear to be atypical of many watersheds in the Marshall-
Monona soils area of western Iowa, hydro logic analyses indi­
cated that significant inter-interest hazards from excessive 
runoff were not likely to be associated with sustained pre­
development management practices. Therefore, it was not pos­
sible, with the exception of trivial bridge damages, to 
measure the magnitude of the damage increasing or decreasing 
effects of adopting alternatively optimal farm plans. This 
greatly restricts the extent to which some of the results of 
this study may be generalized to other watersheds evidencing 
more severe damage hazards. 
It is not likely, for example, that the adoption of ' 
individually optimal farm plans in severe hazard watersheds 
would result in runoff control fulfilling the requirements 
of the development norm. In watersheds evidencing serious 
problems, runoff associated damages, economically reducible 
by structural measures, likely would exist after the adoption 
of optimal farm plans, even though the plans might reduce 
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runoff. Conclusions stated relative to the coincidence of 
optimal farm planning and achievement of the development norm 
in the Spring Valley Creek Watershed may be generalized only 
to low hazard watersheds of similar resource characteristics, 
and even then generalizations must be made with extreme 
caution. 
Enforced erosion control 
Restricting feasible combinations of crop sequences and 
conservation practices to those annually producing less than 
five tons per acre of soil loss to some extent predetermined 
individually optimal plans embodying extensive terracing since 
on most upland soils the only recognized means of holding 
soil losses to this limit was by terracing. Although it was 
ascertained for one of the farms that enforcing the erosion 
control objective did not result in an optimal plan greatly 
different from the one resulting when soil loss was not re­
stricted, it is unknown to what extent this conclusion would 
apply to other farms. The optimal erosion loss for any oper­
ating unit is dependent upon the unique resource structure 
of the firm and tenure expectancy of the operator. It is 
rather likely that optimal plans, unrestrained by the erosion 
control requirement, might have specified quite different 
land use and treatment on the watershed portions of some of 
the operating units. This, of course, would have affected 
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the volumes of runoff estimated and possibly the conclusions 
drawn relative to the four study objectives. Therefore, any 
inferences from this study must recognize the restrained 
nature of the individual farm optima. 
Areas of limited information 
The procedure of assigning to areas of limited informa­
tion composite land use and treatment measures based on 
average land use and treatments on areas of identical physical 
characteristics recommends itself only upon very strong 
assumptions which have been previously stated. Had sufficient, 
information about resource use and availability from, all 
operating units been obtained so that no assignments of com­
posites would have been necessary, certainly land use and 
treatment measures during the predevelopment period and asso­
ciated with individually optimal plans would have been- dif­
ferent on some farms from the composites assigned. To the 
extent that the assigned composites do not reflect, in the 
aggregate, land use and treatment measures existing during 
the predevelopment period, or associated with optimal plans 
on the areas of limited information, the analysis is weakened. 
Use of the procedure is justified on the rationale that 
it was absolutely necessary to specify land use and treatment 
measures on areas of limited information, and that physical 
characteristics of land, essentially the only information 
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that was available on these areas, are important determinants 
of land use and treatment. Given these considerations there 
was no alternative except to assign to any area undiffer­
entiated composite land use and treatments reflective of the 
areas of record within the entire watershed. This would not 
appear to be a desirable alternative, particularly for esti­
mates associated with optimal farm planning. 
Approximate hydrologic-economic relations 
Throughout this analysis the determination of runoff 
related damages and their allocation among watershed operat­
ing units has been based on the assumption that the effect of 
changed land use and treatment measures on damages is direct­
ly proportional to the effect of the change on volumes of 
runoff. The implication of this assumption is that land use 
and treatment measures are credited with constant marginal 
damage reduction benefits throughout the entire range of pos­
sible application. Decreasing marginal benefits likely would 
more accurately reflect the true hydrologic-economic relations 
for most types of hazards. In view of the extremely tenta­
tive knowledge of basic runoff-damage relationships, however, 
any attempt to account for decreasing marginal benefits would 
appear to be unwarranted refinement. 
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Single-valued technical coefficients 
and cost-price relationships 
This analysis assumed input-output coefficients, produc­
tion cost and product price relationships and levels approxi­
mately reflecting those appropriate for the year 1957. The 
absolute level of prices chosen is unimportant inasmuch as the 
composition of farm plans.would not be affected by changes in 
the levels of prices and costs as long as all relationships 
remained unchanged. Any change in relationships could result 
in altered composition of optimal plans• 
As technological developments are realized and as the 
relative prices of products are altered through changing 
tastes of consumers, any set of input-output and cost-price 
relations rather quickly become obsolete. It is significant 
to note that insofar as a 50-year planning horizon is used in 
this analysis to accord with conventional watershed planning 
procedures, 1957 technical coefficients, production costs and 
prices are implicitly presumed to prevail throughout the 
entire period. This was necessary because all implied ben­
efits and costs had to be cased on price levels and relation­
ships consistent with those used in developing the optimal 
farm plans. Ideally, however, long-term projections of pro­
duction costs and prices would have been desirable in the 
context of the objectives of this study, and their use could 
have produced somewhat different results. 
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Farmers' preferences and assumed management levels 
Preferences or aversions of individual farmers to par­
ticular enterprises or conservation practices were not con­
sidered. Rather, for every operating unit, alternative 
enterprises and practices were restricted only by available 
resources and physical permissibility. The results, there­
fore, must be viewed in the normative sense as representing 
the commitment of resources by farm operators to maximize 
net revenues, rather than that commitment which likely would 
result if farmers reorganized resources within the constraints 
of their preferences and aversions. Many farmers, for 
example, are adverse to the adoption of terraces regardless 
of estimated benefits and liberal cost sharing assistance. 
Their reluctance is based upon such factors as inconvenience 
in field operations induced by short rows. In this analysis, 
all upland slopes were physically terraceable, and thus 
treated as susceptible to terracing, even though on the steep­
er. slopes considerable inconvenience in farming operations 
would be incurred. In effect, then, the maximum economic 
limit of terracing was specified in the optimal plans on the 
implicit.premise of unlimited willingness by farm operators 
to adopt them. 
Another limitation relates to management capabilities. 
Uniform input-output coefficients were used for all operating 
units. These coefficients were based on an "average11 level 
17? 
of management but, undoubtedly, some operators would exceed 
performances implied by the coefficients and the performances 
of others would be lower. Ideally, the management skills of 
each operator should have been reflected in the coefficients 
used in programming his farm. A rational basis for establish­
ing the quality of management skills, however, is not appar­
ent . 
Limited alternative land uses and treatments 
The optimal farm plans upon which this study was based 
did not consider a full range of alternative crop sequences 
and conservation practices. The least intensive alternative 
crop sequence for upland soils was corn followed by oats and 
two years of meadow, and the range of direct conservation 
practices was limited to the two extremes; none and the full 
complement of terraces with associated contouring. 
Programs including more alternative crop sequences and 
direct conservation measures would have provided additional 
information strengthening conclusions drawn. For example, 
had less intensive rotations such as corn followed by oats 
and four years of meadow, or continuous meadow, and at least 
another direct conservation practice such as contouring with­
out terracing been included with alternative activities, 
likely some of the upland slopes would have been specified 
as cropped but unterraced. A difference such as this in the 
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optimal plans could have significantly altered the results 
of the hydrologie analyses. 
Implications of Findings 
Pro.1 ects 
The results of this study strongly reaffirm the effec­
tiveness of land use and treatment measures as means, of 
achieving water management in some agricultural watersheds. 
Further, the results demonstrate that in the Spring Valley 
Creek Watershed, land use and treatment measures resulting 
from each farmer independently following a net revenue-
maximizing plan consistent with an erosion control objective 
are complementary with the watershed group interest of runoff 
control. They are so complementary, in fact, that there is 
reason to believe that the solution to water-management prob­
lems in many watersheds evidencing characteristics similar 
to the Spring Valley Creek Watershed might lie within adjust­
ments in land use and added treatment measures on individual 
farms rather than in structural control projects requiring 
extensive governmental cost-sharing and elaborate institu­
tional devices for equitable implementation and maintenance. 
The use of public funds for watershed development is 
clearly justified in many watersheds either on the bases that 
the public is an identifiable direct beneficiary or that the 
infusion of public funds serves as a catalyst in bringing 
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about a socially desirable reorganization of resources. But 
public funds annually appropriated for watershed protection 
are limited and there is no assurance that in the future.con­
tinued appropriations will be made to sustain the Public Law 
566 Program. It is important, therefore, that public funds 
available at any time be applied in those watersheds where 
the maximum net benefits from their use may be realized. In 
general, maximum net benefits would not be achieved' by using 
the limited public funds in watersheds where a large portion 
of potential benefits could be pre-empted by farmers adopting ' 
individually optimal plans. 
Thus, an obvious implication of the results of this study 
is the need for full recognition and evaluation of a broed 
range of alternative land use and treatment measures by action 
agencies in their benefit-cost analyses of potential Public 
Law 566 projects. Ideally, to ascertain the extent of bene­
fit pre-emption from individually profitable adjustments in 
resource use, multiple farm planning with subsequent hydro-
logic analysis of inter-interest consequences of adoption 
could precede benefit-cost appraisals of alternative project 
formulations. This would protect against the possible mal-
allocation of limited public funds to watersheds where near-
optimal water management would coincide with individual inter­
ests. Thereby accordance with the spirit of federal partici­
pation in the watershed program would be assured by expending 
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public funds allocated for watershed development in those 
watersheds where problems 
. . . would exist in a measurable degree after 
individual land owners and operators had achieved 
. use of their land within its capabilities and 
treatment according to its need within the limits 
of private and public resources available to them. 
(-30, sec • 2, p. 1) 
Conservation education 
Given that the results of this study are valid and that 
certain generalizations can be extended to watersheds with 
characteristics similar to the Spring Valley Creek Watershed, 
an educational program directed towards resource reorganiza­
tions on individual farms could facilitate the achievement 
of effective water management within watersheds not con­
templating formal organization. Any program of education 
based on the results of this study should be limited to the 
Ida-Monona-Marshall soils areas of Western Iowa since the 
appropriateness of some of the land use and treatment measures 
analyzed in this study are rather unique to these soils. 
Such an educational program could emphasize to farmers that 
reorganization of resources around an erosion control objec­
tive likely would increase returns from their farm businesses 
while at the same time serving to reduce any gully, flood or 
other hydrologie damages being experienced by the community. 
Particularly stressed in an educational program should be the 
observation that erosion control and corollary water manage-
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ment is not synonymous with decreased production of row crop 
on farms but that these objectives can be met through instal­
lation of level terraces and judicious selection of slopes 
upon which to grow high intensity crop rotations. 
Planning procedures 
The results of this study indicate a. need for the con­
sideration of the entire resource structures of participant 
farms, including non-watershed land areas and livestock pro­
duction capabilities, in planning watershed development. 
It would be presumptuous, however, to suggest that action 
agencies in formulating development projects should fully 
consider the interrelationships between watershed and non-
watershed resources possessed by participants. First, no 
operational method has been demonstrated whereby the entire 
resource structures of participants can be incorporated into 
the planning model• Its development must await further re­
search. Secondly, in view of the time requirements to com­
plete even the less comprehensive benefit-cost analyses cur­
rently being made, the possibilities of adoption by action 
agencies of a planning model which incorporates this added 
refinement would seem exceedingly remote. 
Recognizing, however, that the resources of watershed 
participants are not logically divisible into watershed and 
non-watershed, and that participants are in general interested 
182 
in maximizing revenues from their firms and, hence, most sus­
ceptible to resource reorganizations which do not seriously 
impede achievement of this objective, the implication for 
watershed planning by action agencies is this. In develop­
ing the farm plans embodying land use and treatment measures 
sufficient to meet at least the minimum requirements for fed­
eral participation in a project involving structural control 
measures, technicians should give due consideration to the 
enterprise capabilities of each farm so that their recommenda­
tions do not seriously inhibit any farm from achieving reason­
ably efficient use of available resources. 
Distribution of development costs 
Considerable attention has been devoted in this analysis 
to the allocation of annual bridge damages to source areas of 
runoff. Although demonstration of the allocation method was 
restricted to annual bridge damages, since these were the 
only damages identified, in principle, runoff related damages 
of any type could be allocated to areas of source by the same • 
method. The method employed credits resource adjustments by 
any participant with consequential effects on actual or poten­
tial damage hazards and thereby provides information requisite 
for determining the equitable distribution of development 
costs. The principle of damage allocation illustrated here 
recommends itself strongly as adaptable to determination of 
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the distribution of project development costs within the 
framework of present benefit-cost analyses. 
Suggestions for Further Research 
Economic research 
Although the attention of this analysis has not been 
directed towards the development or refinement of techniques 
for improving benefit-cost analyses of watershed development 
projects, some empirical evidence has'been presented which 
illustrates the need for redefining the areal scope of water­
shed planning and consideration of the interdependence of 
watershed and non-watershed resources possessed by partici­
pants. An obvious implication for further research in the 
economics of watershed planning calls for an extension of the 
linear programming model applied in formulating a development 
project for the Nepper Watershed to incorporate these added . 
considerations. 
In undertaking further economic research on watershed 
problems, it seems apparent that one previously adhered to 
planning restriction should be abandoned. The limitation of 
feasible combinations of crop sequences and land treatment 
measures to those yielding less than five tons of soil loss 
per sere per year effectively forces a high level of water 
management associated with land use. Whether analyzing the 
optimum combination of structural and land treatment measures 
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within a watershed, or the effects of optimal farm planning 
on watershed hydrology, much more information would be ac­
quired through permitting a broad range of crop sequences 
and treatment measures to compete for the use of land. Addi­
tional costs, such as the costs of increased rates of ferti­
lization to compensate for the loss of topsoil and increased 
terrace maintenance requirements as the terrace channel is 
consumed through siltation, could be assigned to the more 
erosive combinations of crop sequences and treatment meas­
ures. These suggestions would both expand end complicate 
programming analyses, but the increased computational burden 
would seem justified in light of the resulting additional 
information. 
Further research along the lines suggested is precluded ' 
in the Spring Valley Creek Watershed because of the virtual 
absence of inter-interest hydrologic consequences of resource 
use. Project formulation utilizing the technique of linear 
programming and treating the many farm units as an integrated 
watershed firm could not be clearly illustrated in this water­
shed because of the lack of hydrologie damages. To do this 
would be superfluous since the current analysis has demon­
strated the approximate identity of aggregated individually 
optimal plans with optimal watershed development. Recognizing 
the need to refine the planning model used in the Nepper 
analysis and the need to apply the model to a larger tributary 
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drainage more nearly representative of the size participating 
in the Public Law 566 Program, the Iowa Agricultural and Home 
Economics Experiment Station has initiated a study of the 
3,500 acre Hound Dog Watershed in Fremont County, Iowa. 
Drawing from the knowledge acquired in the Spring Valley 
Creek Watershed to the effect that not all apparently typical 
watersheds in Western Iowa evidence significant runoff in­
duced problems, or problems that could not be handled through 
application of individually profitable land use and treatment 
measures, the Hound Dog "Watershed was selected for study only 
after inspection and tentative appraisal of a number of po­
tential study watersheds. Since there is some assurance that 
significant inter-interest hydro logic problems exist in the 
Hound Dog Watershed, it should serve the purpose of testing 
techniques of project formulation on a watershed firm basis. 
Watersheds eligible for Public Law 566 assistance 
range in size to a maximum of 250,000 acres. It is prac­
tically inconceivable that the resource characteristics of 
watersheds near the upper limit in size could be as precisely 
delimited or as minutely described as has been done for the 
Nepper and Spring Valley Creek Watersheds. To enhance the 
possibility of the adoption of more refined planning tech­
niques in applied benefit-cost analyses, planning models will 
have to be altered and some detail sacrificed. Following the 
Hound Dog Watershed study, a logical and fruitful line of 
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research could pursue the problems of programming larger 
watersheds. Levels of aggregation of planning units (land 
restrictions) and possibilities of sampling techniques to 
specify watershed resource characteristics could be explored. 
Physical research 
Agronomic and hydro logic data are absolutely essential 
' to economic research in watershed planning. The quality of 
results generated by the best planning model is inextricably 
dependent upon the accuracy of physical relationships assumed. 
In general, two distinct types of physical data are uniquely 
required by watershed planning models. First, the functional 
relationship between runoff and each of the several types of 
runoff related damages must be known. Second, the inde­
pendent effects of altering one or more physical variables 
within any part of a watershed sector on the amount of run­
off from that sector must be established. 
Some of the physical relationships assumed in this 
analysis, and seemingly essential to any economic research 
endeavor in watershed planning, are based upon very limited 
evidence of veracity. Further study by physical scientists 
of these relationships would permit greater confidence in the 
accuracy of results obtained in economic research studies. 
A few -specific problem areas apparently warranting further 
study are presented below. 
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It has been assumed in this, and preceding, analyses 
that the rate of land destruction through gully growth is a 
linear function of the magnitude of peak flows from the water­
shed area draining into the gully. All other possible causa­
tive factors of gully growth have been ignored; yet, there 
seems to be evidence that peak flow is not the sole deter­
minant of gully growth. Some gullies remain stabilized 
over a period of years of normal rainfall but suddenly become 
active ; others enlarge noticeably from a single severe storm. 
- This would imply that the rate of gully growth becomes in­
creasingly greater as the severity of storms increases and/or 
that other factors affect the rate of growth. The general 
problem area of the determinants of gully growth deserves 
further attention. 
Another hydrologie problem that was not involved in this 
analysis but which normally would be encountered in watershed 
studies relates to the effect of inundation on crop yield. 
Current planning procedures premise that the depth of inunda­
tion and the period of the growing season at which the inunda­
tion occurs are the principal determinants of flood damages 
to crops. They undoubtedly are important determinants, but 
apparently other factors might be equally important. For 
example, current planning procedures would credit an'inunda­
tion in excess of three feet during the month of July with a 
70 percent reduction in corn yield (26, sec. 3, p. 18); yet, 
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such Inundations have been observed with only barely per­
ceptible effects on yield. Factors such as the duration of 
inundation and the temperature of the water may be equally 
as significant as the depth of inundation and season of 
occurrence per se. To improve flood damage estimates in 
agricultural watersheds, this problem area needs further 
investigation. 
This analysis has assumed that crop yield enhancement 
due to the installation of terraces is immediate and constant 
over time. Probably, this is an incorrect assumption. More 
likely, yields are reduced for the first few years after the 
installation of terraces, unless additional fertilizer costs 
are incurred, since topsoil is removed from the terrace chan­
nel and back slope. At some point in time, yields probably 
exceed pre-terrace yields and stabilize as fertility is 
restored and moisture is conserved. Information is needed 
on the extent and time distribution of yield decrements and 
increments due to the installation of terraces. 
A related problem requiring additional study to provide 
consistent estimates is that of fertilizer-surface soil sub­
stitution relationships in maintaining productivity. This 
will be of immediate concern if future economic- research in 
"watershed planning does not restrict feasible combinations of 
crop sequences and conservation practices to those producing, 
less than five tons per acre of soil loss annually. 
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Institutional research 
The series of studies of the Nepper Watershed and the 
study reported herein have been principally concerned with 
physical-economic relationships in watershed planning. It is 
contemplated that the recently initiated study of the Hound 
Dog Watershed will investigate further these relationships. 
These studies provide information and techniques useful in 
formulating development projects, and guides for determining . 
the equitable distribution of development costs. But in 
answering questions relating to the formulation of watershed 
development projects these studies have implicitly raised 
questions regarding the existing institutional framework for 
achieving optimal watershed development. Fruition of the 
physical and economic research is largely dependent upon 
legal, organizational and financial structures facilitating 
first the implementation of optimal development projects and 
secondly the continued maintenance of projects after they have 
been installed. 
Much of the recent research into the legal, organiza­
tional and financial means of implementing and maintaining 
watershed development projects has been stimulated by and 
2 tied closely to the Public Law 566 Program. Because infor-
^For example, Muehlbeier (15) has discussed the require­
ments which local sponsoring organizations must fulfill to 
qualify for Public Law 566 assistance; Riley ( 23) has reviewed 
the advantages and disadvantages of (continued on next page) 
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mation is needed by local groups attempting to. qualify for 
the Public Law 566 Program and because the findings have 
broad application, this research has filled a significant 
need. But since there is no assurance that the Public Law 
566 Program will be sustained and because watershed develop­
ment could proceed outside of its framework, there is also 
a need for research into the more basic legal, organizational 
and financial arrangements necessary to facilitate watershed 
development per se. 
Relevant areas for research would include : (a) an 
appraisal of alternative means of assessing and effecting 
compensation payments necessitated by interfirm dissociations 
of development costs and benefits; (b) an appraisal of 
alternative means of effecting compensation payments to 
parties within firms when dissociations of benefits and costs 
impede the adoption of water-management practices; (c) an' 
appraisal of the use of alternative powers of the state in 
achieving water-management for the public welfare; and (d) 
development of a model state statute enabling the formation 
of legal districts for resolving water-management problems 
(footnote continued from previous page) alternative organi­
zational structures permitted under Iowa Statute Law for 
implementing and maintaining Public Law 566 projects; and 
Herrick and Raup (9) have reviewed organizational problems 
that local groups have experienced in Minnesota in qualify­
ing for Public Law 566 assistance. 
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with a subsequent review of existing state statutes as they 
woul^ fulfill the model requirements for organizing, financing 
and maintaining a development project. 
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SUMMARY 
Large amounts of private and public funds have been 
committed to the development of watersheds and the potential 
for future expenditures is vast. To provide guides for the 
allocation of limited funds, more information is needed on 
nearly every aspect of watershed planning. Cognizant of this 
need, the Iowa Agricultural Experiment ..Station in cooperation 
with the U. S. Department of Agriculture has for a number of 
years pursued a continuing program of watershed research. In 
investigating watershed problems, this research program has 
integrated the knowledge of physical and social scientists 
by enlisting the collective efforts of agricultural engineers, 
agronomists and economists. Problems investigated have ranged 
from studies of basic hydrologie relationships in small water­
sheds to an application of the technique of linear programming 
in formulating a watershed development project. 
•The study reported herein is a contribution to this con­
tinuing program of watershed research and is principally con­
cerned with the effects of land use and treatment measures 
associated with individually optimal so il-conserving farm 
plans on watershed hydrology and the community interest of 
effective and efficient water management. Specifically, 
answers to three related, and a fourth disjunct, questions 
were sought in this analysis : (a) utilizing resources cur­
rently available, would the adoption of individually optimal 
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soil-conserving plans by farms within a watershed be competi­
tive or complementary with the water-management objectivé of 
the watershed group; (b) what would be the effects on water­
shed hydrology of the adoption of individually optimal soil-
conserving farm plans if capital available to all farmers was 
limited only by the condition that it must yield at least a 
five percent marginal return ; (c) to what extent would the 
aggregate of individually optimal soil-conserving farm plans 
approach, or diverge from , the ideal watershed development, 
or development norm; and (a) do the resource considerations 
and areal scope of conventional watershed benefit-cost anal­
yses assure development projects consistent with the best 
interests of the watershed group? 
The 5,2-34 acre Spring Valley Creek Watershed was selected 
for this analysis. Predevelopment (1953-1957) management 
systems and resource characteristics were determined for most 
watershed operating units by field survey. A concurrent re­
search activity by Andersen et al. (1) formulated individually 
optimal plans for 28 operating units encompassing slightly 
over three-fourths of the total watershed area. In these 
plans, feasible combinations of crop sequences and conserva­
tion practices were limited to those producing less than five 
tons per acre of soil loss annually. Farm plans for each 
operating unit were presented for two levels of capital use: 
(a) the average amount annually used by operators during the 
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predevelopment period, and (b) an amount sufficient so that 
the return to the last increment used was five percent. 
Taking as data the results of the concurrent study and • 
specifying predevelopment and optimally planned land use and 
treatment measures as "representative composites11 on watershed 
areas for which only limited predevelopment information was 
available, or which were not included in programmed farms, 
three separate hydrologie analyses were made. First, water­
shed land use and treatment measures representing sustained 
predevelopment management systems were assumed. The two sub­
sequent hydrologie analyses assumed watershed land use and 
treatment measures specified by each set of optimal farm 
plans. For each of the assumed patterns of resource use, 
associated intrafirm and interfirm hydro logic consequences 
were evaluated with reference to the actual or potential 
damage hazards of gullying, on-site flooding and runoff in­
duced damages to public bridges. 
The results of the hydrologic analyses indicated that 
neither gully nor on-site flood damages would accrue to sus­
tained predevelopment land use and treatment measures, but 
that annual damages in the amount of $185.63 would be dis­
tributed among five public bridges. Further, it was deter­
mined that the adoption of either set of individually optimal 
soil-conserving farm plans would greatly decrease runoff from 
the watershed, possibilities of potential gully development 
195 
and on-site flooding would in general be decreased, and annual 
damages to the five public bridges would be reduced by more 
than $ 100. Differences in associated runoff between sets of 
optimal plans were very slight but, in general, the higher 
capital requirement plans produced less runoff. More specif­
ically, relative to predevelopment management systems, it 
was estimated that : (a) the adoption of either set of optimal 
plans"would reduce by more than one-half the peak discharge 
from the most severe 1:50-year storm on the lower portion of 
the main stem of Spring Valley Creek,- the. most, probable point 
of on-site overflow; (b) peak flows from a 1:25-year storm 
would be decreased in 15 of 15 potential gully hazard areas 
if either set of optimal plans were adopted; and (c). total 
annual bridge damages would be reduced by I102.14 if optimal 
plans based on predevelopment levels of capital availability 
were adopted and by $104.09 if the higher capital requirement 
plans were adopted, the annual damages to any bridge not being 
increased in either case and remaining annual bridge'damages 
of $8-3.-49 and $81.54 would not be sufficient to justify 
structural control measures. 
The adoption of individually optimal soil-conserving 
plans in the Spring Valley Creek Watershed would require the 
installation of more than one million linear feet of addition­
al level terraces, increasing from about 37 to 90 percent the 
amount of tillable upland soils terraced. Important shifts 
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in land use would be induced by the adoption of optimal plans. 
Whereas about 44.percent of the tillable land was annually 
devoted to row crop and 4-3 percent to meadow during the pre­
development period, optimal plans specified approximately 70 
percent in row crop and only 11 percent in meadow. Any 
tendency for runoff from the watershed to be increased by 
reason of additional row crop would be more than compensated 
by the runoff retarding effects of additional terraces and 
careful selection of soils upon which to grow the row crop. 
Using measures of benefits and costs conventional in 
watershed analyses, the adoption of optimal plans based on 
predevelopment capital availability would yield watershed 
annual net benefits of $61,292.72 as contrasted with 
$59,662.15 for plans based-on"the higher level of capital 
availability. Implied ratios of benefits to costs would be 
2.38 and 2.25 respectively. It was shown that the decrease 
in conventionally measured annual net benefits associated 
with the higher capital requirement plans would be due to 
decreased net velue of crops produced, rather than to in­
creased hydrologie damages. Suspecting that the net returns 
from crops produced within a hydrologically defined area was 
not indicative of the net returns obtained by farm firms, a 
separate analysis of 28 operating units was made. Here it 
was shown that whereas aggregate annual net returns achievable 
by the 28 farm firms was increased from #200,078.64 to 
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$230,19 5.60 (an increase of #30,116.96) through increasing 
available operating capital, the aggregate net returns from 
crops produced on the watershed portions of these operating 
units was decreased by #1,254.25 (from $100,192.18 to 
$98,937.38). 
With reference to the questions previously posed, the 
following conclusions were stated : (a) the adoption of indi­
vidually optimal soil-conserving farm plans in the Spring 
Valley Creek Watershed would be complementary with the group 
or watershed objective of efficient water management; (b) 
compered with the optimal organization of currently possessed 
resources, insofar as any effects on watershed hydrology 
would be perceptible, the optimal use of additional capital 
by operating units likely would encourage runoff control and, 
thus, would be consistent with achievement of a conventional 
watershed development objective; (c) the adoption of either 
set of individually optimal soil-conserving farm plans in the 
Spring Valley Creek Watershed would in the aggregate approxi­
mately fulfill requirements of the watershed development norm, 
the major divergence being that development costs would not 
be borne exactly in relation to benefits received; and (d) the 
resource considerations and the areal scope of conventional 
benefit-cost analyses do not assure development projects 
consistent with the best interests of the watershed group 
since non-watershed resources of participant firms are 
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ignored. 
The results of this study have strongly reaffirmed the 
effectiveness of land use and treatment measures as means of 
achieving water management in some agricultural watersheds. 
But the results have also shown that optimal land use and 
treatment measures for individual operating units are 
dependent upon the resource structures of the firms. This 
implies that although a broad range of alternative land use 
and treatment measures should be recognized and evaluated as 
potential constituent elements of watershed development 
projects, the evaluation should not be confined to water 
management benefits alone; also considered, should be the 
concomitant effects of fixing land use and treatment measures 
on the revenue producing capabilities of farm firms. 
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APPENDIX A: BASIC YIELD, PRICE AND COST DATA 
UNDERLYING THIS ANALYSIS 
Table 31. Yield estimates by.soils for selected crop sequences, levels of 
• fertilization and conservation practices, Spring Valley Creek 
Watershed^ 
No applied fertilizer . With applied fertilizer 
Yield with no Yield if Ferti- Yield with no Yield if 
Crop conservation terraced and lization conservation terraced and 
sequence Crop practices contoured rate practices contoured 
(bushels (bushels (pounds of (bushels (bushels 
or tons) or tons) N-P-K) or tons) or tons) 
Marshall silt loam, 2.0-4.9 percent slope, slight to moderate erosion 
com Co rn 65 68 10-25-0 67 70 
Oats 3 5 35 10-65-0 40 40 
Meadow^ 2.0 2.0 0- 0-0 2.8 2.8 
Meadowg 1.8 1.8 0- 0-0 3.0 3.0 
OOOh Cornj 65 68 20-25-0 67 70 
Corn o 55 58 60-25-0 65 68 
Gate 35 35 30—45—0 40 40 
Meadow 2.0 2.0 0- 0-0 2.8 2.8 
£G0S c]_ Cornj 55 58 50-25-0 62 65 
Gorng 48 53 80-25-0 60 63 
Oats 30 30 30-25-0 40 40 
OSb Corn 47 51 80-25-0 62 65 
Soybeans 20 21 0-10-0 25 26 
C Corn 22 25 80-25-0 58 64 
aSource: W. D. Shrader, Ames, Iowa. Estimated crop yields for Spring Valley 
Creek Watershed. Private communication. 1958. 
Table 31. (Continued) 
No applied fertilizer With applied fertilizer 
Yield with no Yield if Ferti­ Yield with no Yield if 
Crop conservation terraced and lization conservation terraced and 
sequence Crop practices contoured rate practices contoured 
(bushels (bushels (pounds of (bushels (bushels 
or tons) or tons) N-P-K) or tons) or tons) 
Marshall and Monona silt loam. 5.0-8.9 percent slope, slight to moderate erosion 
COM4 Corn 50 56 10-25-0 61 65 
Oats 35 38 20-65-0 38 40 
Meado 2. 2 2.% 0- 0-0 2.8 2.8 
Meadowg 2.2 2-2 0- 0-0 2.8 2.8 
CCOM Corni — — 55 20-25-0 —• — 65 
Corng 45 60-25-0 — — ^0 
Oats —  —  38 30-45-0 40 
Meadow — —  2.2 0- 0-0 2.8 
CCOg cl Corn1 — 50 50-25-0 — 62 
Corng 40 80-25-0 5? 
Oats — — 30 30-25-0 40 
CSb Corn — — - 35 80-25-0 mm mm 60 
Soybeans 20 0-10-0 — — 25 
c Corn 30 80-25-0 _ —. 58 
Table 31. (Continued) 
No applied fertilizer With applied fertilizer 
Yield with no Yield if Ferti­ Yield with no Yield if 
Crop conserv ation terraced and lization conservation terraced and 
sequence Crop practices contoured rate practices contoured 
(bushels (bushels (pounds of (bushels (bushels 
or tons) or tons) N-P-K) or tons) or tons) 
Monona silt loam, 9 .0-13 .9 percent slope, moderate to slight erosion 
COkl'i Corn 50 10-25-0 _ _  58 
Oats —  —  25 20-65-0 — —  36 
Meadow^ 2.2 0- 0-0 — —  2.8 
Meadow^ 2 • 2 0- 0-0 — —  2.8 
CCOM Corn! _ —» 48 20-25-0 58 
Corn£ —  —  37 60— 2 5— 0 —  —  55 
Oats 25 30-45-0 —  —  36 
Meadow 2.2 0- 0-0 2.8 
Monona silt lo am, 9.0-13.9 percent slope, : severe erosion 
com Corn 45 15-30-0 .,55 
Oats — — 20 20-90-0 —  —  35 
Meadow^ 2 . 2  0- 0-0 2.8 







Corrij • 45 25-30-0 — 55 
Corno 35 70-30-0 —  —  50 
Oats —  —  20 30-60-0 — — 35 
Meadow 2 . 2  0- 0-0 2 . 8  
\ 
Table 31. (Continued) 
No applied fertilizer With applied fertilizer 
Yield with no Yield if Ferti- Yield with no Yield if 
Crop conservation terraced and lization conservation terraced and 
sequence Crop practices contoured rate practices contoured 
(bushels (bushels (pounds of (bushels (bushels 
or tons) or tons) N-P-K) or tons or tons 
Monona silt loam, 14.0 -17.9 percent slope, slight to severe erosion 
com Corn 40 30-30-0 50 
Oats — —  20 20-90-0 35 
headow^ —  —  2 . 2  0- 0-0 2.8 
headowg 2 . 2  0— 0— 0 — —  2-8 
Ida and Dow silt loam, 9. 0-13.9 percent slope, moderate to severe erosion 
COM Corn 20 20-30-0 50 
Oats — — 15 20-90-0 32 
Meadow^ — -  —  0 . 5  0- 0-0 2.4 
Meadowg — — 0.5 0- 0-0 2.4 
CCOM Corn^ - 20 30-30-0 50 
Corng 15 80-30-0 48 
Oats 15 20-60-0 32 
Meadow — — 0 . 5  0- 0-0 2.4 
Table 31. (Continued) 
Crop 
sequence Crop 
Ko applied fertilizer 









With applied fertilizer 
Yield with no 
conservation 
practices 





(bushels (pounds of (bushels 
or tons) N-P-K) or tons) 
(bushels 
or tons) 
Judson silt loam and Upland Drainage Complex, 1.0-2.9 percent slope 

































5-40-0 45 —— — 
0- 0-0 2.8 — — 
0- 0-0 2.8 
10-20-0 70 _ _  
40-20-0 67 
5-30-0 45 _ — 
0- 0-0 : 2.8 
30-%0-Q . 70 






Table 31. (Continued) 
No applied fertilizer V/ith applied fertilizer 
Crop 
sequence Crop 
































































C Corn 45 —— — 60-20-0 70 — — 
Table 31. (Continued) 
Ko applied fertllizer With applied fertilizer 
Yield with no Yield if Ferti­ Yield with no Yield if 
Crop conservation terraced and lization conservation terraced and 
sequence Crop practices • contoured rate practices contoured 
(bushels (bushels (pounds of (bushels (bushels 
or tons) or tons) K-P-K) or tons) or tons) 
Colo silty clay lo am. 0.0-1.9 percent slope . no erosion 
CCOM Corn, 68 5-20-0 70 
Cornp 60 — — 30-20-0 67 — — 
Oats 42 10-25-0 52 — — 
Meadow 2.8 — —  0- 0-0 3.0 
CCOg el Cornj 63 — — 20-20-0 68 — — 
Corrio 60 40-20-0 65 — — 
Oats^ 40 10-15-0 50 —  —  
CSb Corn 55 60-20-0 68 ___ 
Soybeans 26 0- 0-0 29 
C Corn 45 60-20-0 66 — — 
Table 31. (Continued) 
Crop 
sequence Crop 
Ko applied fertilizer 









With applied fertilizer 











(bushels (pounds of (bushels 
or tons) N-P-K) or tons) 













45 — — 10— 20—0 48 — — 
40 — 40-20-0 45 
27 — — 10-25-0 35 — — 
2 • 2 0- 0-0 2.4 
45 __ 30-20-0 47 
40 — — 60-20-0 45 
%7 10-15-0 35 
38 70-20-0 47 
22 — 0- 0-0 24 
36 70-20-0 46 
Table 31. (Continued) 
No applied fertilizer With applied fertilizer 
Crop 
sequence Crop 






























































C Corn 40 80-20-0 70 
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Table 32. Crop, livestock and fertilizer prices used in 
the analysis a 
Sale Purchase 
Item Unit price price 
(dollars) . (dollars) 
Corn bushel 1.20 1.30 
Oats bushel 0.64 
kilo est. 1.85 
Soybeans bushel 2.26 
Wheat bushel 1.84 
Hay ton 11.00 16.50 
Silage ton 4.08 
Butterfat pound 0.60 
Grade A milk. cwt. 3.40 
Eggs dozen 0.30 
Lambs cwt. 17.97 
Hogs 
220-240 pound butchers (Sept.) cwt. 17.61 
220-240 pound butchers (March) cwt • 16.50 
300-pound sows (June) cwt. 15.37 
400-pound sows (Dec.) cw t . 13.34 
Cattle 
450-pound choice steer calves 
(Oct. ) cwt.. 20.10 
650-pound choice yearling steers 
' (Nov . ) cwt. 19.58 
650-pound medium yearling steers 
(Nov.) cwt. 15.13 
1,000-pound choice steers (Dec - ) cwt * 23.27 
950-pound choice steers (Nov.) cwt. 23.98 
1,120-pound choice steers (Nov.) cwt. 24.06 
1,070-pound choice steers (Sept.) cwt. 23.47 
937-pound good steers (May) cwt. 19.59 
Fertilizer 
Nitrogen pound 0.13 
Phosphorus pound 0.09 
aSource: Andersen et al. (1) 
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Table 3-3. Production costs for various crops 
fertilizer and terrace maintenance 










bushel or ton) 
Corn 17.08 0.08&" 
Oats. 
i—1 I—1 to 1—1 
0.05d 






Wheat 17.96 0.06^ 
First-year hay (baled)6 18.70 8.75f 
Second-year hay (baled) 16.19 2.75^ 
First-year rotation pasture6 7.66 — 
Second-year rotation pasture 5.15 — 
Silage 19.83 1.90 f  
aSource: Andersen et al. (1). 
D
"Constant11 costs refer to production costs which are 
independent of yield. 
0
"Variable" costs refer to production costs which vary 
with yield. . 
aPer bushel. 































Capital requirement^  dollars 128.92 219.88 222.89 372.30 
Net revenue dollars 28.66 76.69 37.02 139.23 
Feed requirements 
Corn equivalent bushels 118.90 250.00 31.50 13.00 
Hay equivalent tons 0.70 0.70 6.50 6.80 
aSource: Andersen et al. (1). 
I^ncludes the cost of animal acquisition to begin an enterprise and all cash exp 
Choice Choice 
ivy deferred- Choice deferred- Choice Medium 
ow fed drylot fed drylot drylot 
rade steer steer yearling yearling yearling Beef 
A) calves calves steers steers steers cows Ewes Hens 
per (per (per (per (per (per (per (per (per 
cow) calf) calf) -steer) steer) steer) cow) ewe) hen) 
2.30 133.68 146.92 168.6k 174.92 146.18 202.61 27.80 3.67 
9.23 lO.73 14.94 . 29.62 0.00 12.1*5 26.41 7.93 0.40 
3.00 54.00 63.00 50.00 55.00 33.00 8.00 2.03 1.60 
5.80 2.00 1.00 2.77 2.20 0.75 5.47 0.90 0.00 
3 expense exclusive of the value of grains and hay fed. 
Table 35. Design and construction cost data for level terraces of 2-lnch 
retention capacity 
Soils and slope groups 
Marshall 














Mean slope(S) percent 3.45 6.95 11.45 15.95 11.45 15.95 
Vertical 
interval(V.I.) f eet 4.07 6.17 8.87 11.57 8.87 11.57 
Horizontal b 









acre 18.46 24.53 28.11 30.02 28.11 30.02 
aVertical interval(V.1.) computed as 0.6S + 2. 
^Horizontal interval(H.I•) computed as (V.I.)/O.OlS. 
°Linear feet per acre computed as 43,560/(H.I.). 
^Assuming a construction cost of $>0.05 per linear foot. 
Table 36. Derivation of annual terrace maintenance costs In relation to soil 
type, slope and land usea 
Percent 
slope Crop sequence 
Soil type group C C5b C CO a cl CCOM COMM COMMMM M 
Siltation rates (tons per acre per year)b 
Marshall silt loam 2.0- 4.9 6.84 6.84 5.06 2.61 1.15 0.77 0.40 
Monona silt loam 5.0- 8.9 24.26 24.26 17.94 9. 26 4.09 2.73 ' 1.44 
9.0-13.9 48.67 48.67 36.00 18.58 8.21 5.47 2.88 
14.0-17.9 89.01 89.01 65.84 33.97 15.01 10.01 5.27 
Ids silt loam 9.0-13.9 58.41 58.41 43.20 22.29 9.85 6.57 3.46 
14.0-17.9 120.75 120.75 89.31 46.08 20.36 13.58 7.14 
Maximum silt removal from normal plowings ( tons per acre per year)0 
Marshall silt loam 2.0- 4.9 32.00 32.00 21.44 16.00 8.00 5.12 0.00 
Monona silt loam 5.0- 8.9 38.50 38.50 25.80 19.25 9.62 6.16 0.00 
9.0-13.9 38.50 38 .50 25.80 IS. 25 9.62 6.16 0.00 
14.0-17.2 38.50 38.50 25.80 19.25 9.62 6.16 0.00 
Iaa silt loam. 9.0-13.9 38.50 38.50 25.80 19.25 9.62 6.16 0.00 
\ 
t 
14.0-17.9 38.50 38.50 25.80 19.25 9.62 6.16 0.00 
aThis procedure for deriving annual terrace maintenance costs followed that 
used by Pavelis (17, pp. 215-218). 
^Estimated from Browning1s erosion factors where the horizontal interval 
between terraces was considered ss slope length. 
^Interpolated from data for slopes of 4, 8, 12, 16 end 20 percent. Data 
supplied by: H^ . p. Johnson, Ames, Iowa.. Private communication. I960. 
Table 36. (Continued) 
Percent 
slope Crop sequence 
Soil type group C CSb 0 CO g cl CCOM com COMMMM M 
Silt accumulation (tons per ; acre per year)d 
Marshall silt loam ' 2.0- 4 . 9  0.00 0.00 0.00 0.00 0.00 0.00 0.40 
Monona silt loam • 5.0-8.9 0.00 0. 00 0.00 0.00 0.00 0 .00  1.44 
9.0-13.9 10.17 10.17 10.20 0 .00  0.00 0.00 2.88 
14.0-17.9 50.51 50.51 40.04 14.72 5.39 3.85 5.27 
Ida silt loam 9.0-13.9 19.91 17.40 17.40 3.04 0.23 0.41 3.46 
14.0-17.9 82.25 82.25 63 .51 26.83 10.74 7.42 7.14 
Number of additional plowlngs annually for full terrace maintenance® 
Marshall silt loam 
Monona silt loam 

















































^Computed as the annual siltation rate less the maximum amount of silt possibly 
removed by plowings incidental to the crop rotation with negative values considered 
nonpermissible. 
^Computed by dividing the tons of silt removed by one 
the annual silt accumulation. For Marshall silt loam (2.0-
was estimated that one maintenance plowing would remove 15 
maintenance plowing on the other soil types 
removal of 17.5 tons of silt, except in the 
cent slope) for which the estimate was 18.5 
from data for slopes of 4, 8, 12, 16 and 20 
Ames, Iowa. Private communication. 1960. 
maintenance plowing into 
4.9 percent slope), it 
tons of silt. A single 
and slope groups would result in the 
case of Monona silt loam (5.0-8.9 por­
tons. These estimates were interpolated 




Table 36. (Continued) 
Percent 
slope Crop sequence __ 
Soil type group C CSb CCOs c]_ CCOM CÔMM COMMMM . M 
Percent of an acre plowed In one maintenance plowing** 
Marshall silt loam 2.0- 4.9 23 23 23 23 23 23 23 
Monona silt loam 5 ,0- 8.9 30 30 30 30 30 30 30 
9,0-13.9 34 34 34 34 34 34 34 
14.0-17.9 18 18 18 18 18 18 18 
Ida silt loam 9.0-13.9 34 34 34 34 34 34 34 
14.0-17.9 18 18 18 18 18 18 18 
Percent of an acre flowed annually for full terrace maintenance^ 
Marshall silt loam 2.0- 4.9 0 0 0 0 0 0 0 
Monona silt loam 5.0- 8.9 0 0 0 0 0 0 2 
9.0-13.9 20 20 20 0 0 0 6 
14.0-17.9 52 52 41 15 6 4 5 
Ida silt loam 9.0-13.9 39 39 34 6 0 1 7 
14.0-17.9 85 85 65 28 11 8 7 
fComputed from terrace dimension data presented by the Departments of Agronomy, 
Agricultural Engineering, and Economics and Sociology of Iowa State University (12, 
pp. 23-27). 
^Computed as the product of the number of additional plowings annually for full 
maintenance times the percent of an acre plowed in one maintenance plowing divided 
by 100. 






CSb C CO g cl CCOM COMM COMMMM M. 
Annual terrace maintenance costs (dollars per acre) h 
Marshall silt loam 2.0-  4.9 0.21 0 .21 0 .21 0 .21 0.21 0.21 0.21 
Monona silt loam 5.0- 8.9 0.21 0.21 0.21 0..21 0.21 0.21 0.33 
9.0-13.9 0.65 0 .65 0 .66 0.21 0.21 0.21 0.48 
14.0-17.9 1.38 1.38 1.14 0. 55 0.33 0.30 0.48 
Ida silt loam 9.0-13.9 1.08 1.08 0.97 0 .34 0.23 0.23 0.56 
14.0-17.9 2.11 2.11 1.68 0.83 0.46 0.38 0. 58 
^Includes additional fixed costs incurred by changing from a one-way to a two-
way plow prorated to terraceable cropland acres where the average farm size is 183 
crop acres and 81.9 percent is terraceable. The method used for computing the 
fixed cost of owning a plow over an indefinite period has been presented by the 
Departments of Agronomy, Agricultural Engineering, and Economics and Sociology of 
Iowa State University (11, p. 48). 
^The method for computing terrace maintenance costs for the continuous meadow 
rotation differs from that used for other rotations since maintenance plowings 
destroy the meadow and additional costs of seed bed preparation and reseeding are 
incurred. It was assumed that whenever.10 percent of the terrace design capacity 
was consumed through siltation, maintenance would be performed. Variable costs of 
plowing, seed bed preparation and reseeding in the amount of $8.23 per acre were 
added to additional fixed costs and prorated over the Interval between maintenance 
plowings to compute the annual terrace maintenance costs for a continuous meadow 
rotation. 
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APPENDIX B: AGGREGATED SOILS GROUPS AND CROP AND 
LIVESTOCK ENTERPRISES PERMITTED IN 
ALTERNATIVE FARM PLANS 
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Table 37* Individual soils, slopes and erosion classes included in aggregate 
alternative farm plansa 
Individual soils T 
slopes and Aggregated descri 













10-7-1 . x 
10-7-2 x 
10-7-3 x 
^Source: Andersen et al. (1). 
In the sequence of three numbers, the first number designates the soil 













silt Ida loam 
Judson silt loam 
Marshall silt loam 
Monona silt loam 
Upland drainage complex which 
includes the Judson, Kennebec, 
Nodaway and probably the 
Napier series 
Dow silt loam 
Colo silty clay loam 
Unnamed terrace soil 
Zcok silty clay loam 
Kennebec silt loam 







= 0.0-1.9 percent 
= 2.0-4.9 percent 
= 5*0-8.9 percent 
= 9.0-13*9 percent 
= 14.0-17.9 percent 
cAn "x" indicates that the soil complex in the corresponding row was cc 
corresponding column. 
.uded in aggregated descriptive soils groups for purposes of developing 
Aggregated descriptive soils groups 





signâtes the soil type, the second the slope, and the third the amount of 








+ = 12 inches or more 
of,recent overwash 
0 = none 
1 = slight 
2 = moderate 
3 = severe 
tending row was considered identical to the soil complex in the 
Table 37» (Continued) 
Individual soils 
slopes and 
9-3-1 10-7-2 10-11-2 10-11-3 
Aggregated de 





















;ed descriptive soils groups 











Table 38. Alternative crop activities permitted in alternative farm plans8 
Descriptive soils group 
Marshall, 3 percent slope, slight erosion0 
Crop Applied Conservation 
sequence fertilizer practices 
c none terraced-
c recommended rate terraced 
CSb none . terraced 
CSb recommended rate terraced 





recommended rate terraced 
none terraced 
CCOM recommended rate terraced 
COMM none none 
CO MM recommended rate none 
CO MM none terraced 
com recommended rate terraced 
aSource: Andersen et al. (1)• 
^Recommended rates of fertilization for the various rotations within each soils 
group are given in Table .31. 
cTerraces existing in 1957 on upland soils were considered fixed; hence, 
terraced upland soils were differentiated from un ter raced, upland soils and each 
treated as separate land restrictions in programming optimal plans for the farms. 
Alternative crop sequences and rates of fertilization shown in this table were 
likewise applicable for upland soils already terraced. 
Table 38. (Continued) 
Descriptive soils group 
Monona, 7 percent slope, moderate erosion 
Monona, 11 percent slope, moderate erosion 
erosion 
erosion 
Ida, 11 percent slope, moderate erosion 
Monona, 15 percent slope, severe 







C none terraced 
C recommended rete terraced 
CSb none terraced 
CSb recommended rate terraced 
CCDs cl none terraced 
CC08 recommended rate terraced 
CCOM none terraced 
CCOM recommended r?te terraced 
COMM none terraced 
COMM recommended rete terraced 
CCOM none terraced 
CCOM recommended rate terraced 
COMM none terraced 
COMM recommended rate terraced 
COMM none terraced 
COMM " recommended rate terraced 
CCOM none terraced 
CCOM recommended rate terraced 
COMM none terraced 
COMM recommended rate terraced 
CCOM recommended rate terraced 
COMM recommended rate terraced 
Table 38. (Continued) 
Descriptive soils group 
UDC, 3 percent slope, no erosion 
Kennebec, 1 percent slope, overwash 
Colo, 1 percent slope, overwash 
Crop Applied Conservation 
sequence fertilizer practices 
c none none 
c recommended rate none 
CSb none none 
CSb recommended rate no ne 
CCOs cl none none 
CCOs cl recommended rate none 
CCOM none none 
CCOM recommended rate none 
COMM none none 
COMM recommended rete none 
C none none 
C recommended rate none 
CSb none none 
CSb recommended rate none1 
CCOs cl none none 
CCOg cl recommended rate none 
CCOM none none 
CCOM recommended rete none 
C none none 
C recommended rate none 
CSb none none 
CSb recommended rate none 
CCOg cl none none 
CCOg cl recommended rate none 
CCOM none none 
CCOM recommended rate none 
Table 38. (Continued) 







Zook, 1 percent slope, overwash 
Nodaway, 1 percent slope, no erosion 
C none none 
C recommended rate none 
CSb none none 
CSb recommended rate none 
CCOs cl none none 
CCOg cl recommended rate none 
CCOM none none 
CCOM " recommended rate none 
C none none 
C recommended rate none 
CSb none none 
CSb recommended rate none 
CCOg ci none none 
CCOg cl recommended rate none 
CCOM none none 
CCOM recommended rate none 
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Brief Description of Livestock Activities8' 
Spring hog litters 
An average of 6.8 pigs per litter is weaned from April 
farrowings. Butchers are sold in September. A total quantity 
of 1,524 pounds of pork is marketed including the sow. One 
bilt is kept for replacement. 
Spring and fall hog litters 
An average of 6.8 pigs per litter is weaned from farrow­
ings in April and September. Butchers are sold in September 
and March. A total of 3,052 pounds of pork, including the 
sow, is marketed annually. One gilt from the fall litter is 
kept for replacement. 
Dairy cows (butterfat production) 
Annual butterf at production from each cow is 216 pounds. 
Cows are replaced after producing for 5 years by heifers re­
tained from one of the calvings. Beef marketings from calves 
and cull cows amount to 417 pounds annually per cow unit. 
Dairy cows (Grade A fluid milk) 
Annual fluid milk production from each cow is 7,650 
pounds. Cows are replaced after producing for 5 years by 
^Source: Andersen et al. (1). 
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heifers retained from one of the calvings. Beef marketings 
from calves and cull cows amount to 437 pounds annually per 
cow unit. 
Choice deferred-fed steer calves 
Choice steer calves weighing 450 pounds are purchased 
in October. Calves are wintered, grazed about 90 days on 
pasture during the summer, then full-fed until December when 
they are marketed at about 1,000 pounds. 
Choice dry lot-fed steer calves 
Choice steer calves weighing 450 pounds are purchased 
in October. Calves are wintered until spring when they are 
placed in drylot and full-fed until sold in October at about 
950 pounds. 
Choice deferred-fed yearling steers 
» 
Choice yearling steers weighing 650 pounds are purchased 
in November. Steers are wintered, grazed about 90 days on 
pasture during the summer, then full-fed until November when 
they are marketed at 1,120 pounds. 
Choice drylot-fed yearling steers' 
• Choice yearling steers weighing 650 pounds are purchased 
in November. Steers are wintered until spring when they are 
230 
placed ln drylot and full-fed until sold in September at 
1,070 pounds. 
Medium drylot-fed yearling steers 
Medium yearling steers weighing 650 pounds are purchased 
in November. Steers are placed in drylot and fed until sold 
in April at 937 pounds. 
Beef cows 
A beef breeding herd is maintained by replacing cows 
after they have produced their eighth calf with heifers from 
one of the preceding calvings. Allowing for replacement 
stock, the remainder of a 90 percent calf crop is sold in 
October as choice feeder calves weighing 450 pounds. 
Sheep 
Lambing takes place in late winter and 90 pound lambs 
are sold on the early summer market. One and one-fourth 
lambs per ewe ere marketed. 
Poultry (laying flock) 
The laying flock is replaced annually. Fifteen dozen 
eggs per hen are marketed each year. 
231 
APPENDIX C: TERRACE CONSTRUCTION AND ADDITIONAL 
MAINTENANCE COSTS ASSOCIATED WITH 
ALTERNATIVE FARM PLANS 
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Table 39» Terrace construction and additional maintenance costs associated 
Construction ; 
Additional Operator share 
Operating terrace Construction Annual equivalent Anrn 
unit number requirements costs construction costs maintenai 
(linear feet) (dollars) (dollars) (doi: 
1 36,909 553.64 30.23 19. 
2 3,12*3 47.14 2.58 1, 
h 12,563 138.44. 10.32 5. 
5 9,401 141.02 7.72 3 
6 9,596 143.94 7.88 3 
7 1-5,657 234.86 12.86 7. 
8 37,953 569.30 31.18 15-
9 6,958 104.37 5.72 2 ,  
10 12,567 188.50 10.33 5 
11 30,697 460.46 25.22 15. 
12 32,688 490.32 26.86 16, 
13 25,534 383.01 20.98 10 
lit 5,240 78.60 4.31 1 
15 1,472 22.08 1.21 0 
16 36,112 541.68 29.67 14 
17 44,257 663.86 36.36 . Ht 
18 9,632 144.48 7.91 4 
19 8,057 120.86 6.62 3 
20 0 0 0 0 
21 20,470 307.05 16.82 7 
22 0 0 0 0 
23 45,<bl6 681.24 37.32 18 
24 43,880 658.20 36.05 17 
25 11,309 169.64 9.29 5 
aOptimal plans A reflect a level of operating capital use by each farm 
during the predevelopment period. 
^Construction costs were assumed shared 30 percent by the farm operate: 
cOperator share of construction costs amortized at 5 percent over 50 y< 
^Government share of construction costs amortized at 2 l/2 percent ova 
~ s 
iated with optimal plans A 
tion and maintenance costs*3 
re  Government share 
Annual Total annual 
ntenance costs equivalent costs 
Construction Annual equivalent, 
costs construction costs 
(dollars) (dollars) (dollars) (dollars) 
19.49 49.82 1,291.82 45.55 
1.17 3.75 110.00 3.88 
5.13 15.45 439.70 15.50 
3.46 11.18 329.04 11.60 
3.91 11.79 335.86 11.84 
7.00 19.86 548.00 19.32 
15.57 46.75 1,328.36 46.84 
2.93 8.65 243.53 8.59 
5.11 15.44 439.84 15.51 
15.31 40.35 1,074.40 37.88 
16.14 43.00 1,144.08 40.34 
10.25 31.23 893.69 31.51 
1.93 6.24 183.40 6.47 
O..63 1.84 51.52 1.82 
14.40 44.07 1,263.92 44.56 
14.96 53.32 1,549.00 54.61 
4.18 12.09 337.12 11.89 
3.91 10.53 282.00 9.94 
0 0 0 0 
7.73 24.55 716.45 25.26 
0 0 0 0 
18.45 55.77 1,589.56 56.04 
17.94 53.99 1,535.80 54.15 
5.92 15.21 395.82 13.96 
farm operator identical to the average amount annually used 
erator and 70 percent by the government. 
50 years. 
t over SO years. 
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Table 39» (Continued) 
Construction a: 
Additional Operator share 
Operating terrace Construction Annual equivalent Ann 
unit number requirements costs construction costs maintena; 
(linear feet) (dollars) (dollars) 
26 11,791 176.86 9.69 
27 4,891 73.36 4.02 
28 13,309 199.64 10.94 
29 36,111 541.66 29.67 
30 60,322 904.83 49.56 
31 37,990 569.85 31.21 
32 8,049 120.74 6.61 
33 4,508 67.62 3.70 
34 39,259 588.88 32.26 
35 42,528 637.92 34.94 
36 45,831 687.46 37.66 
37(Quarry Co.) 0 0 0 
38 3,406 51.09 2.80 
39 31,997 479.96- 26.29 
ho 16,175 242.62 13.29 
hi 16,630 249.45 13.66 
h2 15,471 232.06 12.71 
h3 6,537 98.06 5.37 
hh 3,601 54.02 2.96 
45 21,475 322.12 17.64 
46 33,121 496.82 27.21 
47 33,108 496.62 27.20 
48 5,184 77.76 4.26 
49 15,659 234.88 12.87 
50 22,947 344.20 18.85 
51 1,080 16.20 0.89 
52 10,886 163.29 8.93 
53(Mills Co.) 0 0 0 
otals 1,001,377 15,020.66 822.78 
ction and maintenance costs 
-are Government share 
Annual Total annual Construction Annual equivalent 
maintenance costs equivalent costs costs construction costs 
(dollars) (dollars) (dollars) (dollars) 
5.00 14.69 412.68 14.55 
2.02 6.04 171.18 6.04 
5.29 16.23 465.82 16.42 
13.67 43.34 1,263.88 44.56 
21.60 74.16 2,111.27 74.44 
16.75 47.96 1,329.65 46.88 
3.87 10.48 281.72 9.93 
3.61 7.31 157.78 5.56 
17.Ii4 49.70 1,374.06 48.45 
17.32 52.26 1,488.48 52.48 
19.08 56.74 1,604.08 56.56 
0 • 0 0 0 
1.65 4.45 119.21 4.20 
13.34 39.63 1,119.90 39.49 
6.28 19.57 566.12 19.96 
6.36 20.02 582.05 20.52 
6.64 19.35 541.48 19.09 
3.59 8.96 228.80 8.07 
1.93 4.89 126.04 4.44 
10.00 27.64 751.62 26.50 
13.00 40.21 1,159.24 40.87 
13.83 • 41.03 1,158.78 40.86 
2.48 6.74 181.44 6.40 
6.26 19.13 548.06 19.32 
9.58 28.43 803.14 28.32 
0.40 1.29 37.80 1.33 
4.4l 13.34 381.01 13.43 
0 0 0 0 
425.92 1,248.70 35,048.20 1,235.73 
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Table 40. Terrace construction and additional maintenance costs associated witt 
Construction i 
Additional Operator share 
Operating terrace Construction Annual equivalent Annual 
unit number requirements costs construction costs0 maintenance c 
(linear feét) (dollars) (dollars) (dollars] 
• 1 41,66)4 624.96 34.23 21.31 
2 2,929 43.94 2.41 1.09 
ii 13,583 203.74 11.16 5.83 
5 9,565 143.46 7.86 3.65 
6 9,716 345.74 7.98 4.02 
7 16,951 254.26 13.93 7.77 
8 la,445 621.68 34.05 16.87 
9 7,035 105.52 5.78 2.96 
10 12,752 191.29 10.48 5.28 
11 36,472 547.06 29.97 17.46 
12 21,136 . 362.04 19.83 12.94 
13 29,599 443.98 24.32 11.76 
14 5,300 79.95 4.38 2.03 
15 1>72 22.08 1.21 0.63 
16 30,888 463.32 25.38 12.12 
17 lilt, 257 663.86 36.36 16.96 
18 9,747 146.20 8.01 4.27 
19 9,446 141.69 7.76 4.76 
20 0 0 0 0 
21 20,470 307.05 16.82 7.73 
22 0 0 0 0 
23 27,753 416.30 22.30 11.55 
2k 43,880 658.20 36.05 17.79 
25 11,417 171.26 9.38 5.93 
• Optimal plans B reflect a level of operating capital use by each operator 
used was 5 percent. 
^Construction costs were assumed shared 30 percent by the farm operator anc 
^Operator share of construction costs amortized' at 5 percent over 50 years. 
^Government share of construction-costs amortized at 2 l/2 percent over SO 
,ated with optimal plans Ba 
-,ruction and maintenance costs 
Government share 
Annual ' Total annual Construction Annual equivalent 
itenance costs equivalent costs costs construction costs^ 
(dollars) (dollars) (dollars) (dollars) 
21.31 55» 5k 1,k58.2k 51.kl 
1.09 3.50 102.52 3.61 
5.83 16.99 k?5.k0 16.76 
3.65 11.51 33k.78 11.80 
k. 02 12.00 3k0.06 11.99 
7.77 21.70 593.28 20.92 
16.8? 50.9^ l,k50.5S 51.1k 
2.96 8.7k 2k6.22 8.68 
5.28 15.76 kk6.32 15.7k 
17.46 k7.k3 1,276.52 k5.0i 
12.91 32.79 8kk.76 29.78 
11.76 36.08 1,035.96 36.53 
2.03 6.m 185.50 6.5k 
0.63 1.8U 51.52 1.82 
12.12 37.80 1,031.08 38.12 
16.96 53.32 l,5k9.00 5k. 61 
it. 27 12.28 3kl.lk 12.03 
ll.76 12.52 330.61 11.66 
0 0 0 0 
7.73 2k.# 716.45 25.26 
0 0 0 . 0 
11.55 3k.35 971.36 3k.25 
17.79 53.8k 1,535.80 5k.15 
5.93 15.31 399.60 Ik.09 
operator sufficient so that the returns to the last increment 
irator and 70 percent by the government. 
50 years. 
•j over 50 years, 
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(linear feet) (dollars) (dollars) (dollars) 
26 11,791 176.86 9.69 5.OO 
27 h ,9 6k 74.46 4.08 2.10 
28 13,309 199.64 10.94 10.94 
29 36,111 541.66 29.67 13.67 
30 58,916 883.74 48.41 24.08 
31 57,720 865.80 47.43 24.12 
32 8,m 122.16 6.69 3.62 
33 1,508 67.62 3.70 3.61 
34 39,951 599.26 32.83 17.85 
35 46,280 694.20 38.03 18.78 
36 45,291 679.36 37.21 18.88 
37(Quarry Co.) 0 0 0 0 
38 3,453 51.80 2.84 1.68 
39 31,997 479.96 26.29 13.34 
4o 16,175 242.62 13.29 6.28 
111 22,293 334.40 18.32 9.49 
42 18,294 274.41 15.03 8.19 
43 6,561" 98.42 5.39 3.57 
44 4,476 67.14 3.68 2.45 
45 22,501 337.52 18.49 10.51 . 
46 38,946 544.19 32.00 16.20 
47 34,138 512.07 28.05 14.48 
48 5,992 89.88 4.92 2.97 
49 15,883 238.24 13.05 6.45 
50 22,947 344.20 18.85 9.58 
51 1,096 16.44 0.90 0.42 
52 11,234 168.51 9.23 4.41 
53(Mills Co.) 0 0 0 0 
Totals 1,033,478 15,502.17 849.16 442.23 
1 I and maintenance costs 




costs equivalent costs 
Construction Annual equivalent 
costs construction costs 
(dollars) (dollars) (dollars) (dollars) 
5.00 Ik.69 kl2.68 lk.55 
2.10 6.18 173.7k 6.13 
10.9k 5.29 k65.82 16.k2 
13.6? k3.3k 1,263.88 kk.56 
2I1.08 72.k9 2,062.06 72.70 
2k.12 71.55 2,020.20 71.23 
3.62 10.51 285.0k 10.05 
3.61 7.31 157.78 5.56 
17.85 50.68 1,398.28 k9.30 
18.78 56.81 1,619.80 57.11 
18.86 56.09 1,585.16 55.89 
0 0 ' 0 0 
1.68 k.52 120.86 k. 26 
13.3k 39.63 1,119.90 39.k9 
6.28 19.57 566.12 19.96 
9.k9 27.81 780.26 27.51 
8.19 23.22 6k0.29 22.58 
3.57 8.96 229.6k 8.10 
2.k5 6.13 156.66 5.52 
10.51 . 29.00 797.5k 27.77 
16.20 k8.20 1,363.11 k8.06 
ik.kB k2.53 1,19k.%3 k2.13 
2.97 7.89 209.72 7.39 
6.k5 19.50 555.90 19.60 
9.58 28 .k3 803.1k 28.32 
0.42 1.32 38.36 1.32 
k.kl 13.6k 393.19 13.86 
0 0 0 0 
kk2.23 1,291.39 36,171.73 1,275.35 
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APPENDIX D: ALLOCATED ANNUAL REMAINING- BRIDGE 
DAMAGES AND DAMAGE REDUCTIONS ASSOCIATED 
WITH ALTERNATIVE FARM PLANS 
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Table I4.I. Annual remaining bridge damages and reductions allocated among operating ur 
land use and treatment measures associated with optimal plans Aa 
Bridge A Bridge B Bridge C 
Allocated Allocated Allocated 
Allocated annual Allocated annual Allocated annual 
Operating annual damage annual damage annual damage 
unit number damages reductions damages reductions damages reductions 
(1) (2) (3) (4) (5) (6) (7) 
(dollars) (dollars) (dollars) (dollars) (dollars) (dollars) 
1 0.23 1.38 0.23 1.36 0.20 1.14 
. 2 0.13 0.06 0.13 0.06 0.11 0.05 
4 • 0.26 0.34 0.25 0.34 0.22 0.28 
5 0.13 0.26 0.12 0.27 0.11 0.22 
6 0.26 0.24 0.25 0.24 ' 0.22 0.20 
7 o.45 0.47 0.44 0.47 0.39 0.38 
8 1.40 1.14 1.38 1.13 1.20 0.92 
9 0.05 0.20 0.05 0.20 0.04 0.17 
10 0.07 0.38 0.07 0.37 0.06 0.31 
11 0.73 0.88 0.72 0.87 0.62 0.72 
12 0.48 0.91 0.47 0.91 0.41 0.75 
13 0.75 0.75 0.74 0.7S o.6u 0.62 
14 0.02 0.15 0.03 0.13 0.02 0.12 






















































^Optimal plans À reflect a level of operating capital use by each farm operator j 
during the predevelopment period. 
^Damage reductions are measured in relation to damages accruing to predevelopment 
>ng operating units in the Spring Valley Greek Watershed, 
is Aa 
Bridge C Eridg e E Total 
Allocated Allocated Allocated 
ited annual Allocated annual Allocated annual 
a damage annual damage . annual damage , 
;es reductions damages reductions damages reductions0 
(7) (8) (9) (10) (11) 
irs) (dollars) (dollars) (dollars) (dollars) (dollars) 
) 1.14 0.33 2.00 0.99 5.88 
. 0.05 0.13 0*10 0.55 0.27 
> 0.28 0.36 o.5i 1.09 1.47 
-
0.22 " 0.18 0.39 0.54 1.14 
> 0.20 0.36 0.36 1.09 1.04 
) 0.38 0.63 0.70 1.91 2.02 
) 0.92 1.96 1.72 5.94 4.91 
I 0.1? 0.07 0.29 0.21 0.86 
) 0.31 0.10 0.55 0.30 1.61 
> 0.72 1.02 1.31 3.09 3.78 
0.75 0.67 1.34 2.03 3.91 
[ 0.62 1.05 1.12 3.18 3.24 
) 0.12 o.o4 0.20 0.11 0.60 
— — 
— -
— - 0.42 o.o4 
i 0.73' 1.89 1.17 6.16 3.69 
) 0.89 1.58 1.35 4.88 4.46 
) 0.2$ "" 0.04 0.43 0.10 1.30 
) 
-0.08 1.18 -0.08 3.58 -0.32 
? 0.47 ' o.43 0.86 1.31 2.49 
J 1.08 1.39 1.94 . 4.21 5.64 
) 1.05 1.01 1.14 4.87 4.77 
L o.4i 0.02 0.71 0.05 2.10 
farm operator identical to the average amount annually used 
) predevelopment land use and treatment measures. 
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(dollars) (dollars) (dollars) (dollars) (dollars) (do 
26 0.24 0.29 0.23 0.30 0.21 0 
27 0.05 0.13 0.05 0.13 o.o4 0 
28 0.50 0.29 0.49 0.29 0.42 0 
29 0.44 0.90 . 0.44 0.89 0.38 0 
30 0.75 1.85 0.74 1.83 0.65 1 
31 0.98 1.67 0.96 1.66 0.83 1 
32 0.03 0.33 0.03 0.32 0.02 0 
33 —— 0.11 —  —  0.11 —  —  0 
3k 0.49 1.27 0.48 1.26 0.42 1 
35 1.27 1.26 l.?4 1.24 1.09 1 
36 1*22 1.41 1.19 i.4o 1.03 1 
37 0.12 — — 0.12 0.11 
38 —  —  0.14 — — 0.1k 0.01 0 
39 0.13 0.89 0.13 0.88 0.11 0 
ko 0.16 0.46 0.16 0.46 0.14 0 
kl 0.55 0.34 0.5% 0.34 0.47 0 
k2 0.10 0.49 0.10 0.48 0.0b 0 
k3 0.03 0.28 0.03 0.27 0.03 0 
44 0.15 0.10 0.14 0.11 0.12 0 
45 0.36 0.66 0.35 0.65 0.31 0 
46 1.31 0.93 1.31 0.90 0.94 0 
kl 0.31 1.09 0.30 1.07 0.25 0 
48 0.10 0.20 0.10 0.19 ——  
k9 0.62 0.46 0.60 0.46 — —  
50 0.61 0.77 0.37 0.44 
51 0.31 0.02 — — •e — 
52 0.14 0.32 0.13 c.33 
53 2.13 2.02 1.59 



















dollars) (dollars) (dollars) (dollars) (dollars) (dollars) 
0.21 0.23 — w — — 0.68 0.82 
0.01,. 0.11 0.07 0.19 0.21 0.56 
0.42 0.24 0.20 — —  1.61 0.82 
0.38 0.74 —  —  — —  1.26 2.53 
0.65 1.52 o.i4 0.21 2.28 5.41 
0.83 1.55 0.61 1.05 3.38 6.33 
0.02 0.28 o.o4 . 0.47 0.12 1.40 
0.09 — —  — —  —  0.31 
0.42 1.05 . — - —  —  1.39 3.58 
1.09 1.01 — — 3-60 3.51 
1.03 1.16 —— — —  3.44 3.97 
0.11 - - — —  — —  0.35 —  —  
0.01 0.11 — —  — —  0.01 0.39 
0.11 0.74 — —  — —  0.37 2.51 
o.i4 0.38 - - - - 0.46 1.30 
0.47 0.27 — —» 1.56 0.95 
0.05 o.4i — —  — 0.28 1.38 
0.03 0.22 —- 0.09 0.77 
0.12 0.09 — - o.4i 0.30 
0.31 0.54 - - — —  1.02 1.85 
0.94 0.57 «•* mm —  —  3.56 2.40 
0.25 0.81 — — 0.86 2.97 
— 
—  —  — 0.20 0.39 
.  — —  
— —  — — 
— —  1.22 0.92 
— —  — —  - — —  0.98 1.21 
•  —  • M 0.31 . 0.02 
— 
—  —  
™ 
— —  0.27 0.65 
1.59 — 1.22 — 6.96 - -
18.80 22.79 16.77 20.03 83.49 102.14 
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Table 42. Annual remaining bridge damages and reductions allocated among operatic 

















































































































































































^Optimal plans B reflect a level of operating capital use by each farm operate 
increment used was 5 percent. 
^Damage reductions are measured in relation to damages accruing to predevelop 
d among operating units in the Spring Valley Creek watershed, 
plans B3 
Bridge C Bridge E Total 
Allocated Allocated Allocated 
llocated annual Allocated annual Allocated annual 
annual damage annual damage annual damage t 
damages reductions^ damages reductions damages reductions 
(6) (7) (8) (9) (10) (11) 
dollars) (dollars) (dollars) (dollars) (dollars) (dollars) 
0.09 1.25 0.16 2.17 0.47 - 6.40 
0.10 . 0.06 0.17 0.11 0.50 0.32 
0.20 0.30 0.34 0.53 1.00 1.56 
0.10 0.23 0.18 0.39 0.52 1.16 
0.21 0.21 0.35 0.37 1.04 1.09 
0.36 0.4 0 0.61 0.72 1.81 2.12 
1.02 1.10 1.77 1.91 5.23 5.62 
o.olt 0.17 0.07 0.29 0.21 0.86 
0.05 0.32 0.09 0.56 0.26 1.65 
0.46 0.88 0.71 1.54 2.33 4.54 
0.59 0.57 1.02 0.99 3.01 2.93 
0.53 •'0.73 0.92 1.25 2.72 3.70 
0.02 00.12 0.03 0.21 0.09 0.62 
- - — - 0.41 0.05 
1.2? O.7I4 1.97 1.09 6.2 c 3.57 
0.97 0.92 1.61 1.32 4.85 4.49 
0.02 0.25 0.03 0.44 0.09 1.31 
0.65 -0.01 1.12 -0.02 3.30 -0.04 
0.26 0.49 0.44 0.65 1.30 2.50 
1.21 0.72 2.07 1.26 6.13 3.72 
1.10 1.11 1.02 1.13 4.72 4.92 
0.01 0.41 0.02 0.71 0.05 2.10 
sach farm operator sufficient so that the retui'ns to the la st 
ig to predevelopment land use and treatment measures. 
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(dollars) (dollars) (dollars) (dollars) (dollars) (dollars) 
26 0.19 0.34 0.19 0.34 0.16 0.28 
27 0.05 0.13 0.05 0.13 0.04 0.11 
28 0.48 0.31 0.48 0.30 0.41 0.25 
29 0.44 0.90 0.44 0.89 0.37 0.75 
30 0.82 1.73 0.31 1.76 0.69 1.48 • 
31 1.05 1.80 1.05 . 1.77 0.89 1.49 
32 0.02 0.34 0.03 0.32 0.02 0.23 
33 « 0.11 — —  0.11 —  —  0.09 
34 0.47 1.29 0.47 1.27 o.4o 1.07 
35 1.17 1.36 1.16 1.32 0.99 1.11 
36 1.22 l.4l 1.20 1.39 1.02 1.17 
37 0.12 — —  0.12 —  —  0.10 —  —  
33 — —  0.14 —  —  0.14 — —  0.12 
39 0.13 0.89 0.13 0.88 0.11 0.74 
40 0.16 0.46 0.16 0.46 0.13 0.39 
41 0.38 0.51 0.38 0.50 0.32 0.42 
42 0.03 0.56 0.03 0.55 0.03 0.46 
43 o.o4 0.27 0.04 0.26 0.03 0.22 
44 0.15 0.10 o.i5 0.10 0.13 o.os 
45 0.28 0.74 0.28 0.72 0.2b 0.61 
46 1.27 0.97 1.26 0.95 0.91 0.60 
47 0.28 1.12 0.28 1.09 0.24 0.82 
48 0.09 0.21 0.09 0.20 - - — 
49 0.60 0.48 0.59 0.47 — —  — —  
50 0.61 0.77 0.37 o.L4 — —  --
51 0.30 0.03 *—• — — «mm# 
52 0.12 0.34 0.12 0.34 — — — —  
53 2.13 — - 2.02 1.59 



















dollars) (dollars) (dollars) (dollars) (dollars) (dollars) 
0.16 0.28 — — —  —  0.54 0.96 
0. ok 0.11 0.07 0.19 0.21 0.56 
0.1+1 0.25 0.20 — —  1.57 0.86 
0.37 0.75 -- —  —  1.25 2.54 
0.69 1.43 • 0.15 0.20 2.47 5.22 
0.8? 1.49 0.22 1.44 3.21 6.50 
0.02 0.23 0.04 0.47 0.11 1.41 
0.09 —  —  0.31 
o.4o 1.07 -- 1.34 3.63 
0.99 1.11 -- 3.32 3.79 
1.02 1.17 —  —  mm am 3.44 3.97 
0.10 —  —  — —  — —  0.34 — —  
- - 0.12 —  —  •-* 0.40 
0.11 0.74 — —  — —  0.37 2.51 
0.13 0.39 — —  0.45 1.31 
0.32 0.42 mm —» «• w 1.03 1.43 
0.03 0.46 — —  0.09 1.57 
0.03 0.22 — — — —  0.11 0.75 
0.13 o.os — —  — —  0.43 0.28 
0.2k 0.61 " — —  0.80 2.07 
0.91 0.60 M mm « M 3.44 2.52 
0.24 0.82 — —  0.80 3.03 
— 
— —  — — 0.18 0.41 
- - — —  
— —  1.19 0.95 
— —  
— 
— — 0.98 1.21 
—  —  «mm# —» <m M» M» 0.30 0.03 
—  —  
— —  
—  —  
— —  0.24 0.68 
1.59 1.22 — — 6.96 
18.08 23.51 16.68 20.12 81.54 104.09 
